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INTRODUCTION 


The  Biireau  of  Aeronautics  has  contracted  with  Westlnghouse,  Air  Arm 
Division,  for  anolytlcal  services  to  be  used  In  a  study  to  establish  the 
tactical  use  capability  of  the  ,?4l!-l  and  f8U-3  Weapon  Systems.  This 
study  is  conducted  under  the  teclmical  direction  of  the  Naval  Research 
Laboratory  irtth  all  inputs  derived  from  Navy  sources.  Westlnghouse, 
using  these  inputs,  will  submit  analytical  results  to  the  Navy.  Recom¬ 
mendations  and  conclusions  to  be  drawn  from  analytical  results  are  assumed 
to  be  a  Navy  responsibility  and  in  particular  the  responsibility  of  the  ' 
technical  directors  (NHL).  This  report  Is  the  third  in  a  series  devoted 
toward  carrying  out  this  responsibility. 

In  Volumes  I  &  II  of  this  series,  the  results  of  the  first  half 
of  the  study  effort  covered  by  the  current  contract  were  presented. 

The  data  presented  in  this  report,  along  with  supporting  material  pre¬ 
sented  in  Volumes  IV  through  VIII  represents  the  remaining  study  effort 
for  the  current  contract. 

As  the  current  study  program  progressed,  it  becaune  obvious  that  many 
of  the  critical  areas  of  the  weapon  systems  could  not  be  analyzed  in 
detail.  Among  the  reasons  are:  l)  emergence  of  sensitive  areeui  as  a 
result  of  the  study  to  date.  2)  lack  of  input  data  re<iuired  for  investig¬ 
ation  of  sensitive  areas,  3)  time  required  to  Investigate  euiditlonal 
sensitive  areas,  and  4)  Increased  financial  support  required.  Much  work 
remains  to  be  done.  Because  of  this,  negotiations  are  currently  xmderway 
to  extend  the  study  contract  for  an  additional  year.  NHL  believes  that  It 
is  in^jeratlve  that  this  extension  be  approved.  The  study  results  to  date 
have  €ind  are  being  used  by  the  Bureau  In  making  decisions  on  hardware 
development.  They  are  being  used  as  inputs  for  design  and  development  of 
long  lead  time  items.  The  contractors  involved  in  syetem  development  sure 
using  these  study  results  m  guide  lines  for  their  own  study  efforts.  Last, 
but  most  iinportant  of  all,  is  the  fact  that  for  the  first  time  in  the 
history  of  air-to-air  weapon  systems,  the  Bureau  of  Aeronautics  and  their 
associates  have  an  estimate,  baaed  on  Navy  inputs,  of  the  tactical  use 
capability  of  a  proposed  system  prior  to  the  time  of  military  tests. 

The  Navy  study  has  and  will  continue  to  be  a  cooperative  effort. 
Wlierever  possible,  duplication  has  been  avoided.  Input  data  for  the  study 
has  been  obtained  from  the  government  faclUtieB  which  most  logicsLlly  would 
cover  the  particular  field.  For  exang>l^  radar  test  data  was  obtedned  from 
NATO,  Patuxent,  Sidewinder  perfornance  data  has  been  obtained  from  NOTS, 
Inyokem,  euid  seeker  performance  data  was  obtained  from  NAMTC,  Pt.  Mugu. 

In  addition,  the  facilities  of  the  various  activltieB  have  been,  in  effect, 
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pooled  In  order  that  specif  talents  and  equipments  can  be  employed. 

The  results  of  MA^t^C,  Pt.  I^gu  simulator  studies  to  ascertain  the  allow¬ 
able  launch  error  for  Sparrow  III  and  the  effects  of  hydraulic  oil  limits 
have  been  incorporated  in  the  ovenll  study.  In  addition,  Pt.  Mugu 
is  currently  conducting  flight  tests  to  determine  tactical  doctrine  to  be 
employed  during  the  vectoring  phase.  This  work  will  be  incorporated  in 
the  extended  phase  of  the  Navy's  study.  The  results  of  NOTS,  Inyokern 
studies  on  Sidewinder  havSbien  utilised.  It  is  very  insert  ant  that 
everyone  concerned  recognize  that  a  study  such  as  this  must  be  a  team 
effort.  It  is  every  bit  as  irportant  to  continue  this  team  effort  in 
the  extended  study  progrsun. 

The  material  contained  In  this  memorandum  is  Intended  primarily 
for  Bureau  Information.  As  agreed  during  the  contract  negotiation  phase, 
except  for  government  activities  all  distribution  will  be  handled  through 
the  Bureau  channels. 

STUDY  PROCEDURE 

The  basic  outline  for  the  Navy's  study  was  given  in  Volume  I. 

It  will  be  repeated  here  for  quick  reference  and  for  clarification  of 
chauiges  which  have  occurred  during  the  program.  Table  I  gives  this 
outline  of  the  Navy's  air-to-air  missile  study  program.  As  originally 
planned,  the  outline  wan  Intended  to  be  a  general  guide  having  flexible 
elements  in  order  that  additionally  needed  study  €a‘ea8  which  developed 
as  the  study  progressed,  could  be  included  if  desired.  A  second 
investigation,  considered  separate  for  contractual  reasons,  was  planned 
to  be  essentially  a  repeat  for  the  Sparrow  II  missile  of  Phases  I  to  V 
of  the  basic  study.  The  Sparrow  II  study  and  Phase  VIZI  of  Table  I  were 
postponed  in  order  that  more  pressing  problems  could  be  investigated. 

It  is  proposed  that  the  tactical  use  capability  of  alternate  guldemce 
techniques  be  investigated  in  the  extended  study  program. 
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TABI£  I 


OUTLINE  OF  NAVY  AIR-TO-AIR  MISSIIfi  SYSTEM  STUDY  ffiOORAM 


mASB  t  System  Psrfomanoe  Und^r  Ideal  Conditions 


A.  Alroro-ft  CharaoterlstloB 


1.  P4h-1 

2.  P8tJ-3 


B.  Altitudes  (co-altitude  vise) 

1.  1000  feet  or  less 

2.  30,000  feet 

3.  50,000  feet 


C.  Interceptor  Velocity 


1. 

2. 


F4H-1  at  altitude 
F8U-3  at  altitude 


^nax  *•  ^orulse 
"max  '^cruise 


D.  Tareet  to  Interceptor  sjaed  ratio  for  Interceptor  at  V^py 

1.  0,45 1 

2.  0.8  )Some  cases  may  be  trivial  and  will  not  be  used 

3.  1.0  J 

Target  speed  resulting  froni  above  will  be  used  for  Inter¬ 
ceptor  at  Vojcmg, 


E.  Conditions 


1 .  Perfect  vectoring 

f..  Straight  line  flight  path 

3.  Current  A1  detection  capability 

4.  B-47  slse  target 

5.  Preparation  time  -  two  cases  detemlned  by  study 

6.  Spsurrow  III  -  capability  of  current  seeker  is  to  be  used 

7.  Sparrow  III  -  aerodynajnlc  capability  of  current  missile 
la  to  be  used 

8.  Glmbal  angle  limits  in  p4h-1  and  P0U-3  aircraft 

a.  AP51-72 

b .  Seeker 
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9>  Illuninatlon  ccmaideration  -  Geometry  of 
keeping  both  target  and  mlsalle  lUxunlnatsd. 
Zlluialnatlon  rectiilreiiients  to  he  determined  by 
study. 

PHASE  II  System  Snap-up  Performance  Under  Ideal  Conditions 

A.  A,  C,  D,  and  E  -  same  as  Phase  I 

B.  Altitudes  (snap-up  case) 

1.  Target 

a.  30,000  feet 
h.  50,000  feet 
c.  65,000  feet 

2,  Interceptor  Altitude  -  To  he  determined  hy 
study  of  system  capability. 

PHASE  III  System  Performance  Under  Expected  Tactical  Conditions 

A.  Target  maneuver 

B.  Vectoring  accuracy 

C.  Weather 

D.  Limits  Inposed  hy  interceptor  tactics 

1.  Cllmh  caiMblUty 

2.  Endurance 

3.  Dead  time 

E.  Countermcasui'ea 

1.  Airborne  weapons  system 

PHASE  IV  System  Performance  Under  Expected  Tactical  Conditions 
With  Addition  of  Currently  Ihroposed  laproveuents 

A«  Improvements  proposed: 

1.  Search  Volxu>»  optimisation 


4 


COHFIOSNTIAL 


2.  Triangle  syste^a  vectoring 

3.  Automatic  alarm 

U.  Improved  receiver  noise  figure 

3.  Back-biased  range  8ind  display  IT  amplifier  with  broad¬ 
band  switching 

6.  Gated  narrowband  angle  track  IF  amplifier  (home  on  Jam) 

7.  Bright  display 

8.  K'ovlslon  for  switching  polarization  (circular  and 
vertical) 

9.  Broad  banding  of  the  plumbing 

10.  .Tittered  FBF 

11.  Antenna  with  high  altitude  feed 

12.  Bi^oved  two- speed  AFC 

13.  Relocation  of  CVT  injection  plumbing  to  increase  glmbsd 
angle  in  elevation 

14.  Nonsatiurating  AGO 

PHASE  V  Study  to  detemine  and  assess  realizable  system  Improvements 

A.  AI  Radar 

B.  Missile 

C.  Vectoring 

D.  Tactics 

P2ASB  VI  Study  of  IR  tie-in  with  the  fire  control  system 
MASS  VII  Performance  capability  of  Sparrow  III  with  an  IR  seeker 


PRASE  VIII  SpeuTOw  X  performance  capability 

PHASE  IX  Repeat  study  Phase  I  through  Phase  VI  for  the  Sidewinder 
1-B  and  1-C 
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As  listed  In  Volume  I,  •  vorklng  framework  for  the  study,  whloh 
consists  of  six  pwrbs,  has  been  eonstruoted  against  which  the  perfor¬ 
mance  of  each  system  combination  is  analyzed.  This  framework  is  re¬ 
peated  here: 


Bart  1:  Development  of  effective  theoretical  co-ailtitude 
attack  zones  under  ideal  conditions. 

Bart  2:  Development  of  effective  theoretical  non  oo-altltude 
attack  zones  under  ideal  conditions. 

Bart  3:  Development  of  effective  theoretical  attack  zones  in 
the  presence  of  the  degradation  of  expected  tactical 
conditions. 

cart  4:  Repeat  Bart  3  for  possible  improvements  to  the  systems 
which  are  being  considered  by  the  Havy. 

Bart  3:  Study  to  detennine  and  assess  realizable  improvements. 

Bart  6;  Study  of  infrared  (IR)  tie-in  for  AI  fire  control 
sys  eats. 

The  material  presented  in  Volume  I  of  this  memorandum  was  grouped 
to  fit  this  framework.  Moat  of  this  material  will  not  be  presented  here. 
However,  new  results  will  be  fitted  into  the  appropriate  phase  in  the 
framework. 

F4H-1  and  F8U-3  WSAFON  SYSTEMS  miFCRMAITCB  URDER  IDEAL  COnDITIQRS  -  IBPUT 
DATA 


The  system  analysis  under  "idesd"  conditions,  which  was  started  in 
Volume  I,  is  continued  here.  As  stated  in  Volume  I,  the  resulting  per¬ 
formance  will  indicate  a  capability  representative  of  the  best  that  can 
be  achieved  With  hl^  probability.  The  target  is  nonmaneuverlng  and  the 
vectoring  is  perfect.  However  "ideal”  should  be  Interpreted  in  a  limited 
sense,  since  the  perfonzance  of  the  weapon  system  subelements  is  defined 
by  resLllzable  rather  than  infinite  quantities. 

Radar  Analyses 

in  Vol^  ne  I,  the  peuwastexa  of  the  62  lot  AH/ABQ-72  radar  were 
given.  Attaca  zones  resulting  from  the  use  of  this  radar  were  presented 
for  high  altitude  targets*  Analysis  of  the  low  altitude  ease  was  not 
presented  because  of  the  lack  of  data.  limited  data  is  now  available 
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On  th«  lov  altitude  perforaance  of  the  Alf/APQ-^0  (same  as  radar  of  62 
lot  AN/AFQ-7&)«  Figure  1  gives  t.’  .a  results  of  lov  altitude  tests^  con¬ 
ducted  by  NATO,  Ifeituxent  using  the  AN/AFQ-50  against  an  F2E-2  target, 
head-on  aspect.  The  6^4  probability  of  detection  range  (7.2  n.ml.)  will 
be  extrapolated  to  a  B-W  size  target  and  used  to  develop  the  effective 
attack  zones  presented  later  In  the  report.  Figure  2  Is  a  copy  from 
Volume  I  of  theoretical  range  calculations  on  the  low  adtltude  perform¬ 
ance  of  the  62  lot  A1T/AFQ-7&  radar.  A  discussion  of  the  correlation 
between  these  two  curves  will  be  given  later  In  the  report. 

To  date,  differences  In  radar  performance  In  a  two- seat  aircraft 
(F4H-1)  and  a  single-seat  aircraft  (F8U-3)  has  not  been  Included  In  this 
study.  To  date  only  educated  guesses  exist  on  this  difference.  The 
general  opinion  Is  ttot  there  will  be  about  12^  range  Improvement  In 
the  two-seat  system.  This  is  not  supported  by  test  data  and  for  this 
reason  has  not  been  considered  In  detail.  As  fa:?  as  the  Improved  sys¬ 
tems  are  concerned,  there  are  many  who  feel  that  an  optimized  system 
for  the  single-seat  application  will  yield  as  good  performance  as  one 
for  the  two-seat  application. 

Aircraft  AnfJyses 

In  Volume  I  all  attack  zones  were  generated  using  FkH-1  character¬ 
istics,  Since  the  preparation  of  Volume  T(  complete  data  has  become 
available  on  the  FSu-S.  While  the  Fd(;-3  has  a  power  plant  which  yields 
a  maximum  speed  capability  greater  than  that  of  the  F4h-1,  the  aircraft 
and  Its  auxiliaries  are  only  guaranteed  for  M  2.0  operation.  Using  a 
constrat  power  setting  equivalent  to  M  2.0  the  results  obtained  for  the 
f8U-3*  are  ess<  ntlally  the  same  as  for  the  F4h-1  (within  the  limits  of 
this  study)  for  the  co-adtltude  attacks.  As  shown  In  Volume  V,  the  ad¬ 
vantages  gained  by  the  F4e-1  through  higher  perfozmanee  In  acceleration 
Is  offset  by  the  greater  aaneuverabllity  of  the  F6U-3>  Eowever,  there 
will  be  a  significant  difference  in  snap-up  capability  due  to  the  greater 
altitude  capability  of  the  FdU-3.  Effective  attack  zones  demonstrating 
these  facts  are  presented  later  in  this  report.  As  stated  previously,  a 
detailed  study  of  system  performance  due  to  differences  In  radar  perfor¬ 
mance  In  a  two-seat  alrcrsift  versus  a  single-seat  aircraft  has  not  been 
Included  In  the  study  to  date.  The  performance  data  for  the  F8u-3  is 
given  In  Appendix  I,  Voltaae  17  of  the  report.  A  comparison  of  the  charac¬ 
teristics  of  these  two  alrcraift  are  given  In  Volume  V  of  this  report. 

Hlsslle  Analyses 


Data  describing  the  performance  of  the  Sparrow  III  missile  was  given 
In  Volimies  I  and  II  of  this  report.  Additional  data  required  at  that  time 
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conslited  of  oontourt  outlining  the  hydraulic  oil  limits  ^  the  current 
missile.  Flgurei  3  and  k  give  overlays  developed  by  HANTCt  idilch  depict 
the  effect  of  the  hydraulic  vlng  servo  system  performance  on  this  missile. 
These  curves  indicate  that  against  a  nonmaneuvering  target,  the  hydraulics 
available  should  not  llialt  the  Sparrow  III  performance  when  used  in  co- 
altitude  attacks .  On  these  figure^  curve  C  represents  the  maximum  inter¬ 
lock  range,  curve  R  the  hydraulics  oil  limit  range,  and  curve  M  the  range 
for  M  2.0  missile  velocity  at  intercept.  The  naxlmim  range  Interlock 
euirve  given  here  is.  actually  a  ecnbinatlon  of  mechanized  maximum  interlock 
and  the  6.3  n.ml.  interlock.  Bxaminatlon  of  these  curves  show  that  if  the 
maximum  interlock  ranm  was  increased  to  more  closely  approximate  the 
maximum  range  c\trve  (M^  hydraulic  oil  consumption  might  become  a  problem, 
especially  at  30,000  feet  altitude. 

ICASB  I  -  SYSTEM  RRFORMAECB  tOfSBR  ISBAL  CORDZIIOnS  -  HCItIZOlfrAL  ATTACKS 

In  Volume  I  of  this  report  the  results  of  investigations  conducted 
to  detemine  the  effective  attack  zones  for  the  p4h-1  Weapon  System  in 
horizontal  attacks  under  "ideal"  conditions  were  pz^esented.  As  stated 
previously,  when  the  f8U-3  Is  limited  to  a  power  setting  equivalent  to 
M  2.0,  the  restilts  using  both  aircraft  are  essentially  identical  (see 
volume  7).  Therefore  all  curves  of  Voliass  I  relating  to  co-altitude 
attacks  shot:ld  now  be  considered  representative  of  the  results  which  would 
be  obtained  with  either  aircraft. 

At  the  time  Volume  I  was  wz^ltten  the  work  remaining  was, 

(a)  investigation  of  the  effective  attack  zones  uzider  low  alti¬ 
tude  conditions, 

(b)  investigation  of  the  hydraulic  oil  limit  effects  on  system 
performance,  and 

(c)  investigation  of  the  effect  of  accelerating  the  interceptor 
toward  V^^  in  those  oases  where  the  attack  began  at 

Item  (b)  above  was  discussed  in  the  preceding  section.  The  result  is  that  . 
hydzaullos  do  not  represent  a  limit  against  a  nonmaaeuverlng  co-altitude 
target. 

Attack  Zones 

Figures  3  thru  7  Rive  the  resulting  effective  attack  zones  for  1000 
feet  altitude  attacks.  The  AI  radar  detection  data  was  obtained  by  scaling 
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the  8?^  detection  capability  of  the  AS/AFQ-^0  (Fig.  1)  to  a  B-47  ii^e 
target  and  degrading  it  10  db  for  field  degradation.  While  the  data 
repreeented  by  Fig.  1  ie  very  Halted  (very  little  known  about  the 
clutter  condltlone)  and  represents  a  non-oo>altltude  attack,  it  la  the 
best  data  available  at  the  present  tiae.  The  Bureau  of  Aeronautics  is 
currently  planning  a  series  of  tests  at  RATC  against  the  actual  target 
of  Interest.  As  soon  as  this  data  is  available  it  will  be  Incorporated 
in  these  results. 

Referring  to  Fig.  5,  it  is  seen  that  against  a  B-47  else  target,  the 
head-on  detection  range  is  6.1  n.al.  Conpurlng  this  to  the  theoretical 
csdeulations  of  Fig.  2,  it  is  seen  that  this  corresponds  to  a  co-altitude 
attack  occurring  at  5000  feet.  Here  again,  the  results  of  Fig.  2  are 
questionable  since  little  is  known  about  the  correct  value  to  use  for  the 
surface  reflective  coefficient.  Because  of  the  nature  of  the  original 
tests,  it  is  bellved  that  the  AI  radar  data  used  for  these  low  altitude 
ea^es  is  optlnistic. 

The  contours  describing  the  effeetlve  attack  zones  of  Figs.  5  thru 
7  are  curve  A  (85^  probability  of  AI  detection  aange),  curve  B  (AI  lock-on 
range),  ctirve  C  (Bparrow  III  aaxiaium  aerodynsale  range),  curve  D  (Speo:>- 
row  III  mlnlBium  aerodynoalc  range),  curve  B  (constant  load  factor  loci 
Hs  -  3)»  curve  F  (90^  Sparrow  III  seeker  loek-on  range),  and  curve  0 
6.5  n.al.  interlock  range). 

Referring  to  Fig.  5>  it  Is  seen  that  for  the  conditions  of  Vm/Vji  «  1 
and  Vv  •  there  is  essentially  no  forward  hemisphere  capability  even 

for  this  "ideal"  situation  when  65^  to  90^  probability  of  success  is  as¬ 
signed  to  each  barrier.  If  a  10  second  lock-on  tiae  is  used,  the  zone 
forward  of  6o^  off  the  target's  nose  is  virtually  eliminated.  The  usable 
zone  is  thus  restricted  to  60^  off  the  target's  nose  and  aft.  The  usable 
approach  courses  ore  those  between  30^  off  the  target's  nose  and  70°  off 
the  target's  nose.  The  resulting  attack  zone  is  that  bound  by  the  heavy 
line.  The  limits  from  which  this  line  results  are  AI  loek-on  range. 
Sparrow  III  maxlmua  sureodynamlc  rapge.  Sparrow  III  mlnliBua  aerodynamic 
rctnge  and  the  range  at  which  the  load  factor  (N2)  interceptor 

equals  3.  It  should  be  noted  that  the  same  seeker  look-on  contour  pre¬ 
sented  in  the  overlays  for  50,000  feet  and  30,000  feet  altitude:  is  pre¬ 
sented  on  these  overlays  for  1000  feet  adtltude.  Lack  Of  seeker  perfor¬ 
mance  data  at  this  altitude  precludes  the  use  of  a  more  realistic  seeker 
loek-on  contour. 

One  very  important  factor  should  not  be  overlooked  at  this  point. 
While  under  the  "ideal"  situation  no  errors  exist,  additional  time  over 
the  10  seconds  used  will  be  required  to  settle  out  enrors  in  the  actual 
tactical  situation.  The  magnitude  of  this  time  is  vsurlable  and  depends 
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upon  doting  rata,  aapaot  angle,  ate.  As  was  ahown  In  Volune  I,  for 
forward  hamliphara  attacks,  this  time  varies  betvean  10  and  20  seconds. 

If  a  curve  la  drawn  through  the  27  second  points  (selected  as  a  mean  value) 
on  the  overlay  of  Pig.  5,  it  la  teen  that  except  for  a  very  amall  zone 
aft  of  the  beam,  the  effective  zone  la  eliminated.  It  la  very  interesting 
to  note  that  the  small  remaining  zone  can  be  entered  only  through  a  corridor 
10*^  vide  or  from  angles  off  the  nose  of  the  target  between  6oP  and  70°. 

Figure  6  gives  the  effective  attack  zone  for  the  case  of  V^/Vp  «  0.6 
and  Vp  -  Vwv.  Since  there  la  a  speed  advantage,  around-the-clock  approach 
courses  can  be  used.  In  addition,  the  usable  effective  attack  zone  has  been 
Increased  In  the  forward  hemisphere  due  to  the  reduced  closure  rate.  The 
effect  of  the  reduced  closure  rate  Is  to  Increase  AI  detection  thus  in¬ 
crease  the  range  at  which  lock-on  occurs  imd  to  reduce  the  minimum  aero¬ 
dynamic  range  (Boin) •  limiting  parameters  are  the  same  as  those  of 
Fig.  $  except  that  the  N2  ■  3  curve  does  not  result  in  a  limit. 


where  Vi/Vp  ■  0.45  and  Vp  ■  V-ay  is  given  by  Fig. 
by  Fig.  6,  around-the-clock  attacks  are  possible. 


The  effective  attack  zones  for  the  1000  feet  co-altltude  attack 

7.  As  In  the  case  given 
Bssentlally  all  of  the 

naxlmum  aerodynamle  range  Is  now  utilized.  Bxcept  for  a  very  small  region 
•round  20°  off  the  tsirget's  nose,  the  loek-on  range  does  not  represent  a 
limit.  The  3  g  contour  is  now  reduced  to  the  point  where  it  is  no  longer  a 
limit. 


Coiqparlson  of  the  three  polar  plots  given  In  Figs.  5  thru  7  illus¬ 
trate  that; 

(1)  Bren  under  "Ideal"  conditions  imd  using  optimistic 
detection  ranges,  high  speed  engagements  result  In  essentially  no 
attack  capability  for  high  probability  of  success. 

(2)  When  additional  time  Is  added  to  reduce  vectoring  errors, 
even  the  use  of  V^/Vp  -  0.6  will  be  extremly  marginal,  go  forward  hemi¬ 
sphere  capability  exists. 

(3)  As  the  relative  closure  rate  is  reduced  to  the  case  of 
Viji/Vp  0.45,  the  effect  of  the  delay  req.ulred  to  loek-on  Is  reduced. 
However,  when  the  preparation  time  coaq^arable  to  that  required  In  the 
tactical  situation  Is  employed,  the  forward  hemisphere  capability  Is  wiped 
out. 
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In  addition  to  the  attack  zones  described  abovej  much  additional 
valuable  Information  relating  to  parameter  variation  can  be  obtained  from 
the  oon(puter  generated  courses.  SaBQ>les  of  the  poraneter  variations  are 
given  In  Volume  I.  Figures  £a  thru  6m  of  this  report  give  additional  plots 
of  the  parameters  Involved.  Two  new  plots  different  from  those  of 
Volume  I  are  given  here  and  Xj^).  These  quantities  represent  the 
antenna  rates  in  airframe  coordinates  while  and  (u.  values  given  In 
Volume  I  and  here  in  this  volume  are  antenna  rates  in  space  coordinates. 
Parameter  plots  for  all  courses  Investigated  In  the  study  to  date  are 
given  in  Volumes  VII  and  VIIT. 

The  parameter  plots  of  Figs.  £a  thru  6q  give  the  results 
obtained  for  1000  feet,,  co-altitude  attacks  where  Vip/Vp  >0.6.  The  para- 
BWtere  are  defined  as  follows: 

>  lead  angle  In  azimuth 

-  lead  angle  In  elevation 

X  >  total  lead  angle  in  the  plane  of  action 

'y  >  angle  between  target  velocity  vector  end  the  line  of 
eight  measured  from  the  nose  of  the  target 

-  angle  between  the  target  velocity  vector  and  the  Inter¬ 
ceptor  velocity  vector  measiured  from  the  nose  of  the 
target 

(u<  >  angular  rate  of  the  line  of  sight  In  the  elevation 
plane  of  the  antenna  system  (apace  coordinates) 

>  angular  rate  of  the  line  of  eight  in  the  azimuth  plane 
of  the  antenna  system  (space  coordinates) 

B  load  factor 
#  ■  roll  angle 

V|i<  B  speed  of  the  Interceptor 
Q  ■  amgle  of  attack 

B  azimuth  antenna  rates  in  airframe  coordinates 
X^  B  elevation  antenna  rates  in  airframe  coordinates 
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On  the  coursaa  proisntedi  A«  B«  C  and  B  correspond  to  the  maxlmiai  aero¬ 
dynamic  ranee  of  the  missile  mlalatum  aerodynamic  range  of  tho 

missile  (I^q)^  load  fMtor  TJ^  ■  3f  and  in^ct  for  a  missile  fired  at 

respect lve.V.  Figure  m  gives  plots  of  versus  range  for  the  runs 
corresponding  to  those  of  Fig.  6.  For  all  courses,  conversion  to  successful 
attacks  could  be  made.  X  varies  between  -26  degrees  at  the  beginning  of 
the  rune  and  0  to  -10“  in^the  vicinity  of  mlnlmun  aerodynamic  range. 

Figure  6b  gives  plots  of  elevation  lead  angle  (X^)  versus  range. 

The  case  of  T-  6o^  gives  the  largest  elevation  gimbol  an^e  during  the 
portion  of  the  run  that  is  of  interest.  As  shown  on  the  figure,  the 
elevation  glnbal  angle  for  this  csuse  varies  from  -6.3°  to  24°.  Of  course 
the  situation  will  deteriorate  as  one  deviates  from  the  perfectly  vectored 
situation  to  one  representative  of  the  tactical  situation. 

Total  lead  angle  (X)  versus  rsinge  Is  plotted  on  Fig.  6c.  These 
curves  show  the  cosiblned  effects  of  Figs.  6a  and  6b.  Figure  6d  gives 
the  angle  off  the  target's  nose  (“Y)  ^  function  of  range  for  the 

various  approach  courses.  Figure  6e  shows  the  herding  angle  (Y  )  versus 
range. 


The  azimuth  antenna  rates  In  space  coordljaates  (u^)  for  the  coiarses 
of  Fig.  6  are  shorn  on  Fig.  6f.  Here  again,  the  rate  g^s  largest,  for 
the  case  ofT'-  60^.  For  this  case  varies  from  0.5  deg/sec  at  the  start 
of  the  run  to  I.5  deg/sec  In  the  vicinity  of  Hqtin*  elevation  antenna 
rates  in  space  coordinates  (c^)  are  shown  on  Fig.  6g.  Again  the  highest 
rates  are  encountered  on  theX  •  case.  Here  the  elevation  antenna 
rate  varies  from  zero  deg/sec  to  7.?  deg/sec  in  the  region  of  interest. 

The  corresponding  antenna  retes  In  airframe  coordinates  are  shown  on 
Figs.  61  thru  60. 

The  load  factor  (Vy)'  variation  Is  shown  on  Fig.  6h.  On  the  attack 
zone  overlays  of  Figs.  6  and  7  one  of  the  limiting  conditions  is  that 
resulting  from  ■>  3.  As  seen  on  Fig.  gh,  >  3  is  encountaied  on  the 
course  orlglnatlug  at  X'  «  30^  and  T  ■  60  and  occurs  at  approximately 
5000  feet  on  the  runs.  Figure  6i  gives  the  roll  angle  (b)  versus  range.  As 
can  be  sera  from  tills  figure,  even  la  the  perfect  situation  roll  angles  as 
high  as  73°  are  encountered  during  the  approach  course.  Figure  6j  shows  the 
fighter  velocity  (Vj.)  during  the  runs.  These  curves  illustrate  the  slow¬ 
down  resulting  from  a  lead  pursuit  run.  The  curves  of  Fig.  6k  give  the  angle 
of  attack  (a  )  versus  time.  For  the'T^  -  30°  and  6o^  cases,  the  angle  of 
attack  builds  up  gulte  rapidly. 
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:[R  Volume  I  polar  plots  were  given  for  attacks  started  with 
the  Intaroaptor  operating  under  V^xMise  conditions.  The  lover  inters 
ceptor  speeds  were  chosen  to  study  the  possible  system  Improvement  as 
a  result  of  lover  closing  velocity.  Figures  6  thni  10  are  a  continu¬ 
ation  of  this  Investigation.  The  attack  occurs  at  1000  feet  altitude. 

The  interceptor  Is  assumed  to  be  at  Voruise  detection  and  continues 
at  Vgruj,ga  throughout  the  engagement .  The  result  Is  greater  detection 
ranges  and  reduced  effects  of  preparation  tine  In  the  forward  hemisphere. 
These  factors  are  Illustrated  by  Fig.  6  where  Vp  -  Verulse  *0^  ■■  '1^39 

rt/seo.  Oomparlng  the  overlays  of  this  figure  to  those  of  Fig.  5,  It  Is 
seen  that  the  head-on  detection  range  for  6$^  probability  has  been 
IncreasBil  from  6,i  n.ml.  to  6.6  n.ml.  and  the  10  second  lock-on  point 
(ms  move*!  out  In  range  from  2  n.ml.  to  3>75  n.ml.  In  Fig.  3  It  Is  seen 
that  the  none  forward  of  CcP  is  unusable  because  of  lock«cn  time. 

Thte  restriction  is  tio  longer  present  for  the  conditions  of  Fig.  6. 
tbiwev  ■  attacks  musi  originate  forward  of  off  the  target's  nose. 

FtKuree  u  and  LO  f.ive  polar  plots  for  reduced  target  speeds. 

The  etudy  of  the  case  of  an  Interceptor  beginning  an  attack 
under  conditions  Is  not  con^lete  at  this  point.  The  overlays 

given  in  volume  I  and  by  Figs.  8  thru  10  assume  that  the  Interceptor 
starts  the  run  at  and  continues  through  the  engagement  under 

^cruiee  sondltlons.  The  obvious  question  Is,  "What  happens  when  the  Inter¬ 
ceptor  is  allowed  to  accelerate  after  detection  occurs?"  The  answer  Is, 

"The  acceleration  times  Involved  are  such  that  very  little  loprovement 
le  obtained  especially  when  a  high  speed  target  is  Involved."  Figure  11 
gives  the  case  of  a  lead  pursuit  co-altitude  attack  occurring  at  ?0,000  ft. 
The  fighter  begins  the  runs  at  (673  ft/sec)  and  accelerates  toward 

^nax  detection.  The  target  speed  is  19^0  ft/seo.  The  improvement 

rMllsed  can  be  seen  by  cosparing  this  figure  to  Fig.  2  of  Volume  I.  As 
would  be  expected  a  slight  Increase  in  allowable  approach  asMct  occurs 
(from  off  the  target's  nose  to  90°  off  the  target's  nose).  The  effective 
attack  zone  is  essentially  unchanged.  Figure  12  gives  the  results  of 
attacks  made  by  the  same  accelerating  fighter  against  a  slower  target 
(1352  ft/sec).  Again  there  is  a  minor  improvement  in  allowable  approach 
angle. 


The  curve  overlays  of  Fig.  13  show  the  results  of  the  accelerating 
interceptor  attacking  a  target  having  a  speed  equivalent  to  the  interceptor's 
^cruise  condition.  Cosparlng  this  to  Fig.  30  of  Volume  I,'  it  is  seen  that 
a  major  improvement  in  allowable  approach  course  is  realized  (from  70°  off 
the  target's  nose  to  ldO°  off  the  target's  nose)*  £bverver>  the  times  required 
to  close  range  to  Ri—t.  on  courses  originating  fzx>m  90°  off  the  target's  nose 
aft  are  very  high  (25O  seconds  and  higher). 
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Ths  curve  ovepliiyg  of  Pifl*.  l4  thru  l6  are  a  repeat  of  this  In- 
veatlgatlon  deecrlbed  above  but  for  attache  ocouzrlng  at  30,000  feet. 

The  reeulte  are  eaeentially  the  eame  as  given  above. 

Remaining  Study 

The  remaining  study  effort  reqLulred  for  the  completion  of  the 
co-altitude  attack  under  "Ideal"  conditions  Involves  further  analyses 
of  the  1000  feet  altitude  case.  The  data  presented  in  this  report  Is 
believed  to  be  optimistic  for  current  radars.  As  soon  as  sufficient 
test  data  becomes  available,  the  attack  zone  overlays  should  be  modified. 

Throughout  the  co-altitude  analyses  to  date,  equal  redar  perform¬ 
ance  is  considered  to  exist  for  either  the  HA  and  XIB  systems.  If 
testa  do  prove  that  there  is  a  significant  improvement  in  perfonsance  of 
the  radar  in  one  application  versus  the  other,  the  results  of  this  study 
should  be  modified  to  include  this  Improvement.  However,  if  the  Iqprove- 
ment  of  AI  radar  perfonnance  is  only  12^  as  is  ciunrently  estimted,  the 
difference  in  tactical  iise  capability  will  be  minor.  This  will  be  dis¬ 
cussed  later  in  the  section  on  probability  of  successful  arrival  to 
missile  launch. 

PHASX  IZ  -  SYSTEM  CAPABIUTZES  FOR  PUIL-UP  ATTACX  URBBR  IDEAL  CONDITIONS 

In  Volume  I  of  this  study  the  pull-up  capabilities  of  the  system 
undor  "ideal"  conditions  were  described.  The  curves  presented  were 
labeled  FUr-1.  As  will  be  shown  later,  if  the  F8tJ-3  la  restricted  to 
M  2.0  top  sustained  speed,  the  system  using  this  aircraft  will  yield 
performance  which  for  all  practical  purposes  is  identical  except  for  a 
difference  in  altitude  capability.  Thus  these  curves  with  slight  modific¬ 
ation  should  be  interpreted  to  apply  to  either  system. 

At  the  time  of  publication  of  Volume  I,  parameter  variations  for 
the  courses  investigated  were  not  available.  Since  this  time  these 
parasteter  variations  have  been  developed  and  are  presented  herew 

Conditions 


The  conditions  of  this  investigation  are  as  follows: 

(a)  Aircraft  characteristics  -  F4h-1,  F8tJ-3 

(b)  Target  altitudes  -  30,000  feet,  S)0,000  feet,  and  6^,000  feet 
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(c)  Interceptor  altitudes  -  as  capafc’e  from  below 

(d)  BeflectlTe  area  -  B-U7  size  t'^rget,  assumed  the  same 
as  for  30-altltude  case. 

(e)  Velocities  •  intoroeptor  velocity  at  altitude,  Vmay  and 
^cruise 

(f)  Target  to  interceptor  speed  ratios  for  interceptor  at 

^max  “  0.8,  1.0.  Resulting  target  speeds  from 

awve  also  used  for  interceptor  at 

(g)  Perfect  vectorltzg 

(h)  Straight  line  flight  path  (target) 

(1)  Current  A1  detection  capability  -  probability 

(j)  Time  from  detection  to  lock-on  -  10  seconds 

(k)  Seeker  capability  -  current  Sparrow  III 

(l)  Missile  aerodynamics  -  current  Sparrow  III 

(m)  Glmbal  angle  limitations  of  current  AN/APQ-7&  rodar  - 
i  4l®  azimuth,  U'f^,  -  38°  elevation. 

(n)  Interceptor  restricted  to  3  g  pull-up  or  during 

tracking  portion  of  the  run 

(o)  Allowable  heading  error  for  launching  Sparrow  III  -  10*^. 


A  lead  pursuit  course  is  maintained  by  the  Interceptor  after 
launch  to  provide  illumination  of  the  target.  If  the  acceleration  require¬ 
ments  of  the  course  exceed  the  capability  of  the  interceptor  a  Ctmov  course 
is  flown.  At  impact  it  is  assumed  that  the  interceptor  is  mauaeuvered 
so  that  the  lift  vector  and  the  gravity  vector  are  working  together 
(rapidly  redirecting  the  Interceptor  downward) .  To  date  the  recovery  prob- 
problem  has  received  only  superficial  coverage.  The  investigation  of 
recovery  was  done  separately  from  the  actual  conputer  runs  as  ei^lalned  above 
ajod  detailed  in  Appendix  II  of  Volume  IV.  On  the  coinputer  runs  the  interceptor 
was  adlowed  to  follow  a  lead  pursuit  run  as  restricted  by  CyMy  after  Inqjact. 
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This  Is  shown  on  the  parameter  plots  of  Figs.  17a  thru  191.  During 
this  portion  of  the  run  the  3  g  limitation  Is  removed  because  it 
Is  possible  for  the  pilot  to  pull  moreg's  when  he  Is  not  txylng  to 
solve  a  fire  control  problem.  If  during  the  breakaway  portion  of  the 
run,  a  mlixlmum  L/^  of  maintained,  the  run  is  considered 

successful.  During  thli)  portion  of  the  nm  the  acceleration  conditions 
must  also  be  such  that  Is  not  exceeded.  Details  of  the  method 

used  in  the  study  are  given  In  Appendix  II  of  Volume  IV.  Two  major 
sioipllfying  assus^ticns  cure  made.  The  first  is  that  the  pilot' 
cam  fly  a  perfect  course.  This  wiJJL  yield  optimistic  results 

as  far  as  recovery  problems  cu:«  concerned.  The  second  slnpUflcatlon 
Is  that  during  the  critical  part  of  the  recovery  maneuver,  thrust  Is 
assumed  equal  to  drag.  The  Inaccuracies  resulting  from  these  simplif¬ 
ications  can  be  resolved  only  by  more  exact  Investigation.  However, 
the  method  used  represents  a  good  first  look  at  the  problem. 

Attack  Zones 

Figures  17  through  19  are  selected  sasples  of  the  resulting 
usable  attack  zones  described  in  Volume  I.  They  are  repeated  here 
for  ready  reference.  Peoraiiieter  plots  for  selected  runs  from  these  ceisee 
will  be  described.  Parameter  plots  for  all  runs  are  Included  in 
Volumes  VII  and  VIII,  The  points  chosen  for  presentation  here  are: 

(a)  From  Fig.  17,  the  run  that  originates  at  30,000  feet 
fighter  altitude  and  10  seconds  delay.  This  Illustrates 
the  case  where  the  error  was  never  reduced  to  the  point 
required  for  successful  launchlsig. 

(b)  From  Fig.  l6,  the  run  that  originates  at  10,000  feet 
fighter  altitude  and  10  seconds  delay.  This  lUustntes 
the  run  where  recovezy  becomes  a  problem. 

(c)  From  Fig.  19,  the  run  that  originates  at  sea  level  and 
zero  delay.  This  Illustrates  the  case  where  glmbed. 
angle  becomes  a  problem. 

It  should  not  be  Interpreted  that  the  authors  are  presenting  these 
runs  as  representative  of  the  expected  tactical  situation.  This  is  not 
the  case.  They  were  merely  chosen  to  show  the  parameter  variations  on 
rune  where  specific  problems  are  encountered.  On  these  paraaster  plots 
the  points  where  the  Interceptor  encounters  various  barriers  are  labeled 
as  follows: 
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Q 


•  Vx 

-J-  •  start  of  Pull-up 
O  •  Start  of  Lead  Pursuit 
X  ■  In^ct 
(2>  -  Rfflln 
"  ^Inax 

On  Figs.  17  and  id  the  velocity  of  the  fighter  Is  labeled  as  M  0.9. 
Actuall>'  the  velocity  used  corresponds  to  M  0.9  at  50^000  feet 
and  vas  maintained  constant  for  the  other  runs. 

Figures  17a  thru  171  give  plots  of  parameter  variation  for 
the  run  shown  on  Fig.  17  which  originates  at  30,000  feet  altitude 
aztd  10  seconds  delay  (€  >  17^)*  On  these  runs  the  target's  altitude 
was  90,000  feet  and  Its  velocity  was  M  &.O.  The  Interceptor  steurts 
his  run  at  M  0.9  and  accelerates  towsird  Vjjax*  Figure  17a  shows  the 
range  versus  time  variation.  For  this  particular  run  SmAv  oceurared 
at  19>?  seconds  after  detection.  was  encountered  17.5  seconds 

after  detection  or  7*5  seconds  after  pull-up  was  started.  On  this 
run  the  Interceptor  was  never  able  to  reach  a  lead  pursuit  course 
nor  was  It  able  to  close  the  range  to  IWn*  Inpact  point  is  not 
labeled  becaxise  the  Interceptor  was  unaue  to  reduce  the  error  to 
10°  or  less  between  t2ie  Bgmix  j^n  ranges. 

The  curve  of  Fig.  17b  shows  the  variation  of  elevation  gimbal 
angle  (le)  In  degrees  as  a  function  of  range.  As  shown,  Xe  varies 
between  tbs  extremes  of  *33^  &Qd  +22°  during  the  nu.  The  hook  in 
the  curve  at  the  end  of  the  run  indicates  that  range  is  beginning  to 
Increase  agsln.  Figure  17c  gives  the  elevation  antenna  rate  In 
space  coordinates  (<oj)  versus  range,  cuj  varies  between  1  deg/sec 
at  the  time  of  pull-up  to  11.6  de^sec  at  the  end  of  the  run. 

The  angle  between  the  target  velocity  vector  and  the  inter¬ 
ceptor  velocity  vector  measured  from  the  nose  of  the  target  (f)  Is 
shown  on  Fig.  17d.  It  Is  interesting  to  note  that  at  the  end  of  the 
run  the  Interceptor  velocity  vector  is  104°  with  respect  to  the  target 's 
vector.  This  means  that  the  Interceptor  Is  beginning  to  fall  over  on 
Its  hack.  Load  factor  {t^^)  as  a  function  of  range  Is  shown  on  llg.  17e. 


17 


COKFILSNTIAL 


As  shown  the  loac^  factor  decreases  rapidly  toward  zero.  In  the  region 
where  the  Intercc  ptor  Is  falling  over  on  Its  hack,  the  load  factor  Is 
reduced  to  a  polr  t,  <  0,3 1  where  reeovexy  will  become  a  problem. 

The  methoa  of  recovery  analysis  la  detailed  In  Appendix  XI  of  Volume  IV. 

The  angle  of  attack  (a)  as  a  function  of  time  Is  shown  by  Fig.  17f. 

Q(  at  the  start  of  the  pull-up  (10  seconds)  Is  7°  and  Increases  rapidly 
to  l6°.  Figure  17g  shows  the  rapid  slow  down  of  the  Interceptor  during 
the  run.  V^  at  the  start  of  the  run  Is  ft/sec.  Between  detection 
and  lock-on  (10  seconds) >  the  Interceptor  accelerates  to  975  ft/sec. 

From  this  point  on  the  slow  down  Is  rapid.  At  the  end  of  the  run^  the 
velocity  Is  down  to  3^  ft/sec.  During  the  run^  the  Interceptor 
climbs  from  30«000  feet  to  approximately  42^000  feet.  This  variation 
Is  shom  by  Fig.  17h.  The  elevation  antenna  rate  In  airframe  coordin¬ 
ates  (X^.)  Is  shown  on  Fig.  171. 

The  curves  of  l8a  through  l8:i  give  the  parameter  variation  for 
an  Interceptor  starting  a  pull-up  run  from  10,000  feet  adtltude  at  10  secs, 
sifter  detection  against  a  target  flying  at  50,000  feet.  The  teorget's 
velocity  Is  873  ft/sec.  The  Interceptor  starts  its  run  at  8f3  ft/see.  and 
attexpts  to  accelerate  toward  ^max*  This  run  corresponds  to  a  point  on 
Pig,  l8.  Figure  l8a  shows  renge  variation  as  a  function  of  time.  As 
shown,  the  Interceptor  Is  able  to  get  on  a  lead  pursuit  course  12  seconds 
after  start  of  puU-igp.  Rm.v  is  encountered  32  seconds  after  start  of 
p;ill-up.  The  Inqpact  point  for  a  misalle  launched  at  Rw.v  occurs  44  secs, 
after  pull-up. 

Figure  l6b  shows  the  variation  of  elevation  glmbal  angle  as  a 
function  of  range  and  Is  seen  to  vary  from  +  20°  at  pull-iQ>  to  -  32°  at 
ii^et.  <uj  is  shown  on  Fig.  l8c.  As  shown  coj  varies  from  -0.25  deg/sec  to 
-1.75  deg/sec  at  liqpact. 

The  heading  angle  of  the  interceptor  Is  shown  on  Fig.  idd.  It 
Is  Interesting  to  note  that  during  the  later  part  of  the  run  (at  iinpact 
where  recovery  starts)  the  Interceptor  Is  flying  nearly  vertically  (8o°). 
Referring  to  Pig.  l8e  It  Is  seen  that  at  the  time  of  liqpact  of  the  missile, 
the  load  factor  Is  dropping  rapidly.  The  recovery  will  be  a  problem. 

Also,  as  shown  on  Pig.  l8f.  It  Is  in  this  aamo  region  that  ot  builds  up  rajidly. 
For  this  case  the  angle  of  attack  reaches  17°  during  the  run. 

Figure  l8g  shows  the  Interceptor  slow  down  during  the  run.  As  shown 
the  Interceptor  atteoqpte  to  accelerate  toward  V^^  at  the  beginning  of  the 
run  and  is  able  to  get  up  to  1070  ft/sec.  However  the  deceleration  Is 
quite  rapid.  At  inipact  the  Interc^or  velocity  has  fallen  to  500  ft/sec. 
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Figure  l6h  Bhovs  the  Interceptor  altitude  versus  range.  The  Interceptor 
reaches  a  naxlimm  altitude  of  feet  at  Impact,  Is  shoem  on 

Pig.  181. 

Figures  19a  thru  I9I  give  corresponding  paunmeter  plots  for  the  run 
originating  at  sea  level  with  puU.-up  occurring  at  detection.  For  this 
case,  the  Inltlail  Interceptor  velocity  is  1,212  ft/sec.  The  target  Is  fly¬ 
ing  at  30,000  feet  at  a  velocity  of  1,980  ft/sec.  The  significant  point 
brou^t  out  by  these  plots  is  shown  on  Fig.  19b.  It  Is  seen  that  elevation 
glmbal  angle  available  (-  38*^)  Is  exceeded  at  23,000  feet  range.  Therefore, 
for  a  system  Incorporating  the  unimproved  radar  the  rest  of  the  run  Is 
meaningless.  Referring  to  Fig.  19e,  It  Is  seen  that  If  more  glmbal  axigle 
were  available  such  that  the  run  could  proceed,  L/w  "  3  vould  occur  at 
13,000  feet  rsinge.  Since  the  run  failed  both  from  the  glmbal  angle  and 
Vw  standpoint,  the  run  is  obviously  a  failure.  The  portion  of  the  run 
from  13,000  feet  range  to  the  end  of  the  run  for  this  particular  family 
of  parameter  plots  is  meaningless  in  the  tactical  situation,  since  the 
computer  was  not  restrained  to  l/w  *  3> 

Comparison  of  f8U-3  and  fUh-1  Pull-up  Capability 

As  stated  previously  In  the  report,  the  f8U-3  Is  guaranteed  to  oper¬ 
ate  at  Vnax  or  M  2.0.  As  Is  shown  In  Volume  V,  the  co-altltude  performance 
of  the  two  systems  are  assentledly  the  same  (neglecting  differences  In  radar 
performance).  The  difference  In  altitude  capability  should  be  reflected  In 
the  ability  to  attack  high  sJLtitude,  high  speed  targets  In  the  pull-up  mode 
of  operation.  Full-up  attacks  against  63,000  feet  altitude  targets  were 
chosen  as  the  area  In  which  the  system  performance  Is  most  affected  by  air¬ 
craft  limitations.  The  principal  reasons  are  that  this  is  the  region  where 
the  maximum  capability  of  both  Interceptors  falls  below  3,  celling  prob¬ 
lems  are  encountered  for  both  aircraft,  and  aircraft  acceleration  limits 
are  encountered.  A  few  selected  cases  are  presented  in  the  following  sec¬ 
tions.  The  major  difference  between  the  two  systems  should  occur  due  to 
the  difference  In  altitude  capability  of  the  two  aircraft.  The  specific 
Intent  of  the  following  figures  Is  to  compare  these  two  aircraft  under 
pull-up  attack  conditions. 

Figure  20  shows  the  results  of  attacking  a  M  2.0  target  at  63,000 
feet  with  the  FkH-1  operating  at  N  2.0  or  V|^guc  ?8U-3  restrained 

to  a  power  setting  eqplvsaent  to  MS.O  In  level  flight.  It  Is  seen  that 
the  FkH-1  has  an  altitude  celling  of  38,000  feet  while  the  F8U-3  has  an 
altitude  celling  of  62,000  feet.  For  these  curves  initial  detection  range 
is  that  zesultlng  from  SOjt  probability  of  detection  instead  of  the  835t 
probaillty  of  detection  \jsed  in  the  preceding  investigation.  This  Is  done 
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Is  order  that  there  vould  he  attack  zonae  avallahle  to  eonpare.  Ccnparlng 
the  zoaee  It  ie  seen  that  except  for  the  altitude  oapahllity  difference 
the  attack  zoaee  are  eeeantlally  the  caae.  For  the  case  of  the  f4h«1|  suc- 
ceeeful  pull-up  attache  could  occur  from  a  differential  altitude  of  6,000 
feet  while  for  the  F8U-3  eucoeeeful  attacks  could  occur  from  a  differential 
altitude  of  10,000  feet.  This  Is  a  significant  Inproveaent  and  should  not 
be  overlooked. 

Figure  21  gives  the  resulting  performimee  of  the  FdU-3  ud  FUE-1 
pull-up  runs  starting  with  Vp  ■  N  0.9  against  a  M  2.0  target  at  63,000 
feet.  Again  the  runs  originate  at  the  30^  probability  of  detection  point. 
Althoia^  these  ehaxts  are  not  conplete  (full  altitude  range  not  Investi¬ 
gated)  they  will  suffice  for  cooparison  purposes.  For  example,  a  run 
originating  at  43,000  feet  and  zero  time  delay  results  In  a  minimum  error 
of  23.2°  for  the  f4h-1  and  26°  for  the  F80-3.  A  run  originating  at  35,000 
feet  and  10  seconds  delay  results  In  a  minimum  of  l4°  error  for  the  f4B-1 
and  11°  ezTor  for  the  F8u-3.  The  close  eoiqparlson  of  results  Is  obvious. 

The  graphs  of  Fig.  22  show  the  puU-vp  capability  of  the  f4e-1  and 
the  F8O-3  flying  at  M  2.0  or  'fjfmx  attacking  a  M  0.9  target  at  63,000 
feet,  comparison  of  the  results  shows  that  the  major  difference  in  capa¬ 
bility  Is  a^aln  due  to  the  greater  altitude  capability  of  the  F6U-3.  Com¬ 
parison  of  some  of  the  points  shows  the  minor  differences  In  performance. 

Figure  23  gives  graphs  which  eonpare  the  f4e-1  and  F8t;-3  vhen  attack¬ 
ing  a  M  0.9  target  at  63,000  feet.  Here  the  Interceptor  started  out  at 
^cruise  accelerated  toward  Vgn^.  Eere  again  the  FdU-3  was  restrained 
to  a  maximum  speed  of  M  2.0.  These  charts,  although  not  complete  (complete 
altitude  range  not  Investigated)  do  serve  to  illustrate  the  minor  differ¬ 
ences  (neglecting  difference  In  mauclmum  altitude  capability)  that  exist 
between  these  two  Interceptors.  The  failures  shown  occur  after  severe  slow- 
down  of  the  Interceptor,  m  early  pull-ups,  lead  pursuit  is  soon  achieved, 
but  loss  In  velocity  results  In  negative  flight  path  angle  rates  and  larger 
errors  before  arrival  at  launching  range.  Although  the  greater  nsneuver- 
ablllty  of  the  FdtJ-3  allows  a  higher  Initial  pull-up  rate  and  an  earlier 
achievement  of  lead  pursuit,  its  greater  slowdown  causes  an  earlier  loss  of 
pull-up  capability.  The  error  at  launch  range  Is  thus  greater  for  the  F8C-3 
than  for  the  f4E-1  os  Indicated  on  Fig.  23  at  the  zero  delay  pull-up  points. 
For  long  delayed  pull-ups,  such  as  the  one  shown  on  Fig.  23  at  43,000  feet 
and  30  seconds  after  detection,  the  attack  duration  Is  short,  so  that  the 
difference  In  slosddwn  Is  minimized.  The  more  maneuverable  F8V-3  reaches 
launch  2»ngc  with  an  error  of  8°  as  compared  to  11°  for  the  F4fl-1. 
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Fron  the  alsove  cooparleon  It  is  obvloue  that  If  (l)  the  f8U>3 
Is  restricted  to  M  2.0  operation  6md  (2)  if  the  AI  detection  capahlllty 
is  assumed  the  same  for  both  the  FUh-1  and  the  f6u-3  installations,  the 
only  important  difference  resulting  from  the  pull-up  investigation  is 
that  due  to  the  greater  altitude  ceiling  of  the  F6U-3<  is  shown 

on  the  figures  described  above. 

Remaining  Study 

The  preceding  section  described  the  results  of  the  pull-up 
studies  for  the  "ideal”  slt\uiition.  Additional  study  effort  is  needed 
to  reveal  the  sensitivity  of  pull-up  attacks  to  approach  aspect  angle. 

For  this  reason,  the  extended  phase  of  the  study  program  will  include 
Investigation  of  several  aspect  angles  other  than  head-on. 

As  stated  previously,  when  data  becomes  available  on  differences 
in  Al  radar  performance  between  the  two  systems,  these  dLifferences 
should  be  included  in  the  study.  If  the  liqprovement  for  the  two  seat 
system  is  only  12^,  as  is  estimated,  the  difference  in  the  study  results 
will  be  minor.  .  This  wll?.  be  illustrated  later  in  the  section  on 
probability  of  successful  arrival  to  missile  launch. 

The  effects  of  hydraulic  oil  limits  on  system  p\ill-up  capability 
has  not  been  investigated.  As  stated  previously,  hydraulics  do  not 
represent  a  limit  on  co-altitude  attacks.  This  is  not  necessarily  the 
case  for  pull-up  attacks.  Studies  conducted  by  NADC,  Johns vlUe 
(different  input  conditions)  indicate  that  hydraulics  are  a  severe 
limitation  in  pull-up  attacks. 

PHASE  III  -  F^-1  •  F6a-3  WBAFOB  SISTB»e  PERFORMANCE  UNDER  EXPECTED 
TACTICAL  CONDITIONS 

The  preceding  sections  have  extended  the  description  of  results 
for  the  "ideal"  situation  given  previously,  in  Volume  I  of  this  report. 

The  results  given  represent  the  best  that  one  would  hope  to  achieve,  with 
a  high  probability  of  success,  when  certain  sources  of  enror  are  neglected. 
It  is  now  of  Interest  to  look  at  the  degradation  resulting  from  a  more 
realistic  tactical  situation.  The  degrading  factors  considered  in  the 
current  study  program  are: 
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1.  Veetoriofi  accurncy 

2.  Tftrgtt  lAiituYcr 

3.  ¥eath«r 

4.  CouBtcmMuurvs  •j(alz»t  th*  alrborot  vcapon  syatans 

3.  Lioitfl  liqpo««d  Ijy  Interoaptor  tactic* 

(a)  cHoib  capability 

(b)  anduncea 

(0)  daad  tlBia 

Dagradation  Cauaad  by  Vaotorine  Accuracy 

Ona  inportant  affact  of  vaetoring  iaaceuracy  on  ayatam  parform- 
anea  la  tha  aattUag  tina  that  reaulta.  A  prallainary  laTaatigatlon 
of  thla  ra^ulrad  aattllng  tim  waa  praaentad  in  Voluna  I  of  tha  atudy. 
Bovavar  at  that  tlaa  aufflciant  AI  dataction  ranga  intarvala  had  not 
baan  Invaatlgatad  nor  had  tha  pl\ot  baan  reatarletad  to  3  S'l  during  tha 
run.  Thla  prallainary  data  can  now  ba  aupplaaontad. 

Tha  input  coniltlona  are  tha  aaaa  aa  thoaa  of  VOluae  I  axeept 
for  tha  tvo  paraaatara  aantionad  abova.  Tha  vaetoring  accuracy  uaad  (nov 
variflad  by  aiaalatlon  atudlaa  conducted  by  NOTS,  VSnOOtBS!)  are 
1  *  t  3  n.Bi..ln  azinuth,  +  3  n.al.  in  range  and  +  1  n.al.  in 

altitude.  ~A  nuaber  of  ranga  intarvala  vara  invaatlgated'in  order 
that  the  AI  detection  contour  could  ba  appzoxlaakted.  The  pilot  vaa 
reetricted  to  3  S's  by  a  poaitiva  indication  (buaear). 

Aa  ahovn  on  tha  polar  plots  for  tha  "ideal'*  co>altituda  attache, 

10  aeconda  vaa  allowed  for  converting  from  dataction  to  lock-on.  If 
errors  axlat  at  lock-on  (and  they  will  in  tha  tactical  problem),  rddit- 
lonal  tine  ’  Ml  be  required  to  reduce  tbaaa  errora  to  thoae  accaptabla 
..^azr'  .  .II  niaalla  launching.  Tha  aaata  atatementa  of  eourae  apply 
to  tha  pull-up  attack*.  The  problem  then  la  to  reaolve  this  Battling 
time  to  a  value  which  can  bo  uaed  In  the  atudy. 

For  I'^i'^  '^oaea  of  thla  atudy  the  work  vaa  actually  divided  into 
three  parte  ...)  eatabUahMnt  of  allowable  launch  error  for  Sparrow  III  — 
Thla  work  vaa  done  by  NAMTC,  Pt.  Nogu  and  will  ba  dlaeuaaed  in  detail  later. 
(2)  converalon  of  vectoring  inaccuracy  at  detection  to  a  heading  Inaiccuracy 
at  lock-on  and  (3)  Inveatlgation  of  evanta  occurring  after  lock^n. 
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A  coiQplete  dsioription  of  the  investigation  is  given  in  Appendix  VI 
of  Volume  II  and  Appendix  IV  of  Volume  IV.  Samples  of  the  results  are  in¬ 
cluded  here.  It  is  Inqportant  to  recognise  that  the  purpose  of  this  part 
of  the  study  Is  not  to  derive  an  exact  value  of  settling  time.  Rather,  it 
is  to  demonstrate  to  the  many  doubters  that  a  finite  and,  in  general,  large 
value  of  settling  time  is  required.  Many  people  have  argued  that  the  con¬ 
version  from  AI  deteotlon  to  missile  launch  can  be  accomplished  in  3  or  U 
seconds,  repeatedly.  This  is  not  the  case  in  the  tactical  situation  as  is 
shovm  by  the  following  examples.  The  exact  value  of  the  settling  time  for 
each  examined  run  is  automatloally  Included  in  the  sections  later  in  the 
report  which  describe  successful  arrival  to  missile  launch. 

Figures  2k  thru  2?  show  the  results  of  investigation  to  convert 
vectoring  inaccuracy  at  detection  to  heading  error  at  lock-on.  The 
altitude  of  the  engagement  is  30,000  feet.  The  interceptor  velocity 
is  1,697  ft/sec.  The  interceptor  is  vectored  on  a  pure  collision  course 
and  continues  on  this  pure  collision  course  to  lock-on  (believed  to  be 
realistic  for  present  operational  conditions).  The  vectoring  errors  are 
normally  distributed  about  this  pure  collision  course  (constant  relative 
bearing  line)  with  a  1  sigma  value  of  •  3  n.ml.  Courses  are  generated 
from  this  noznal  distribution  and  straight  lines  are  flown  to  lock-on. 

The  results  are  given  on  Table  II.  These  results  give  us  the  heading 
errors  which  can  be  used  in  investigating  events  after  lock-on. 

TABI£  II 


COnVERSIQR  OP  VECTORING  INACCURACI  AT  hSTBCTION 
TO  BEADING  ERROR  AT  LOCK-ON 
(Altitude  -  30,000  feet) 


Approach  Aspect  Angle 
(Degrees ) 

Heading  Error  at  AI  Radar  Lock-on  To 
Include  65-90^  of  Cases  for  the  Follow¬ 
ing  Rpeed  Ratios 

V„/Vy  •  1.0 

VjAp  -  0.8 

-  0.45 

20 

30® 

27® 

230 

30 

33® 

31° 

25° 

40 

37° 

32O 

25O 

60 

47O 

37® 

26° 
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Swqplaa  ot  tba  raavdta  of  th«  Invcatigatlon  of  th«  lettliag  tlaa 
r«;iulr«d  afbar  loek-on  arc  chovn  on  Figc.  &8  thru  30.  The  criteria  xar 
•uoaeie  ic  that  the  error  can  be  heU  within  a  cpeolfted  value  for 
3  t^econd?.  All  rune  ehown  were  aade  at  30^000  feet  altitude.  The  Inter¬ 
ceptor  velocity  Ifi  V»^v  (lf897  ft/eec).  The  range  at  which  the  rune 
(Started  (AI  lock-on  range)  la  10  n.nl.  Table  III  auaraorlzes  the  reaulta. 


TABU  III 

SYSTEM  SfimiNQ  TIME  SStJUIRSD  ATTBS  AI  RADAR  lOCK-OR 
(30,000  Feet  Altltude-Vp  •  1,397  Ft/Sec) 


Speed 

Ratio 

Aapeot 

/ 

Heeding 
Error  at 
Lotik-on 

{ 

C(]aul:;.tlve 
Proufbility 
of  Reading 
Error  Occur- 

anc^ 

(» 

Statue  of  Run 

85lt 

Settling 

Tlaai 

(REAC) 
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Referring  to  tlie  upper  left  head  curve  of  Fig.  26  (rov  1  of  Table  III) 
it  le  seen  that  If  the  requirement  is  that  65f(  of  the  time  we  moat 
reduce  the  error  to  something  less  than  the  original  error,  we  would 
fadl.  Thus  If  in  the  hairier  analysis  presented  hy  the  preceding  polar 
plots,  we  require  a  barrier  representative  of  65^  settling  tlmei  we 
would  have  a  failure.  The  upper  right  hand  curve  of  this  figure  shows 
the  results  of  an  IBM  run.  This  Is  an  exact  solution  since  on  the  IBM 
runs  there  Is  no  pilot  in  the  loop.  Thus  the  $0^  probability  label  does 
not  apply.  It  la  on  the  drawing  because  on  later  figures  It  Is  used  for 
ooiqparatlva  purposes. 

Referring  to  Fig.  30,  It  Is  seen  that  the  settling  time  problem 
Is  somewhat  relieved  because  of  the  slower  target  Involved.  These 
resiults  are  shown  by  rows  3  (uid  6  of  Table  III.  The  right  hand  curves 
of  Fig.  30  compare  the  30^  probability  results  of  runs  conducted  using  a 
cockpit  simulator  •  BEAC  combination  (pilot  In  the  loop),  and  IBM  runs. 
It  Is  Interesting  to  note  the  close  correlation  of  results.  This  is  to 
be  expected,  since  the  hxunan  error  should  be  distributed  normally  about 
the  correct  solution  (30^  probability). 

Allowable  launch  Error 


The  next  step  In  the  investigation  of  system  settling  time  la 
to  determine  the  allowable  launch  errors  which  can  be  tolerated  with  the 
Sparrow  III  and  still  achieve  a  satisfactory  miss  distance.  This  work 
was  done  by  NAMTC,  Ft.  Mogu  and  Figs.  31  thru  ^  were  taken  from  their 
results 3.  The  maxUnum  and  minimum  ranges  on  these  figures  were  obtained 
from  the  polar  plots  presented  In  Volume  I  amd  are  deteznlned  by  AI  radar 
lock-on,  maxliiium  aerodynamic  range  and  minimum  aerodynamic  range.  These 
figures  have  been  modified  to  include  limits  of  the  seeker  and  3  8  maneuver. 
The  glmbal  angle  limits  of  the  current  AI  radar  were  used.  The  criteria 
for  succseeful  runs  were  that  the  miss  distance  be  23  feet  or  less,  the 
missile  velocity  reust  be  greater  than  M  0.6  and  the  missile  target  closing 
rate  must  be  greater  than  130  ft/sec.  Fig.  31  shows  the  resulting  eJJ.ow- 
able  launch  error  for  Sparrow  III  launched  from  a  M  2.0  interceptor  against 
a  M  2.0  target,  uo-altltude  attack  at  50,000  feet,  on  a  run  originating 
from  off  the  target's  nose  at  arrived  to  the  launch  zone.  The  angular 
limits  are  those  liqposed  by  maneuver  capability  of  the  missile.  The  range 
limits  are  those  obtained  from  the  polar  plots  (see  Fig.  22,  Volume  I),  and 
result  from  AI  radar  lock -on  range  and  minimum  aerodynamic  range.  As 
detailed  In  Refermce  ^  random  noise  results  In  a  1^  vedue  of  guidance 
system  erroza  of  2°,  This  la  Included  on  the  figure  as  a  questionable 
region.  Thus  the  allowable  laxuch  error  for  this  condition  is  +  4®  to  -  5? 
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Mglaotlag  noil*  •ffsota.  Coactderlsg  noliiSf  the  elloveble  leunoh  error 
ii  to  -3^  (63f(  proheibillty).  For  this  pftrtlouler  oese  kl  locOt-oo. 
rmage  cad  eeeker  look-oa  ooiaolde.  It  li  laterestlag  to  aote  that  for 
thli  oaee  to  be  of  taotioal  utility,  the  AI  radar  deteotloa  raage  vould 
have  to  be  laoreaaed  to  the  poiat  vhere  the  raage  at  the  ead  of  total 
gyeten  lettllag  tine  vould  oosur  at  a  raage  eQjUivaleat  to  that  labeled 
look-oa  raage  oa  the  polar  plot  of  Volume  I. 

Figure  32  glvee  the»eulte  of  the  hl,<{h-eMed  Interceptor  attaoklag 
a  hlgh-ipeed  target  fron  an  aepect  angle  0/  80”  off  the  target's  aoie  at 
the  tUM  of  entering  the  launch  zone.  Thle  vould  actually  be  a  course 
originating  from  approximately  65°  at  detection.  The  raage  limits  corres¬ 
pond  to  the  maxlBun  interlock  raage  and  Mnimum  interlock  raage  limits 
shovn  on  the  polar  plot  of  Fig.  22,  Voluae  I.  Thus  it  is  seen  that  the 
allowable  launch  error  is  to  -19^  (aeglectlag  noise  effects)  at 

the  extreme  launch  raage.  Bosever,  these  allowable  errors  decrease  as 
ve  decrease  the  range  of  launch.  An  important  point  brou^^t  out  by 
Fig.  32  is  ttet  it  is  very  important  to  increase  the  gimbal  limits  from 
the  current  •  4l*.  Here  again  the  q;uestionable  area  due  to  noise  is 
shown  by  the  double  cross-hatched  -^rea.  As  shovn  on  the  figure,  a  sone  of 
Interest  is  labeled  which  differs  from  the  overall  tone.  This  is  due  to 
the  3  g  maneuver  limit  Imposed  on  the  interceptor.  The  sons  inward  from 
that  of  Interest  to  the  minimum  range  is  (mestionable. 

The  res\ilts  of  runs  entering  the  attack  sons  from  IkO*^  off  the 
target's  nose  (course  starting  from  70^  off  the  target's  nose  at  detec¬ 
tion)  on  an  attack  at  30,000  feet  for  Vy  •  M  2.0  and  Vy/Vy  ■  1.0  are 
shown  on  Fig.  33.  Here  it  Is  seen  that  the  allowable  launch  error  is 
restrlctsd  by  maximum  and  Tplaixm  ranges  (actual  interlock  ranges  meoh- 
anlsed).  The  sone  reeultl^  from  positive  errors  is  primarily  limited 
by  Al  glmbsd  limits.  It  is  seen  that  at  the  extreme  ranges,  the  nllov- 
ab^e  negative  launch  error  has  increased ,  Bcwever,  it  decreases  rapidly 
as  range  decreases  because  of  micelle  maneuver  limits. 

The  graphs  of  Fig.  34  thru  36  show  the  results  for  attacks  occurring 
at  30,000  feet  for  a  slower  target  (Vy  •  M  1.6).  Figure  34  shows  the  re¬ 
sults  of  runs  startlxkg  at  20^  off  the  target's  nose.  For  this  case,  the 
range  limits  are  those  resulting  from  AI  radar  lock-on  range  and  minimum 
aerodynamic  range  as  shown  on  the  polar  plots  (see  Fig.  23  of  Volume  I). 
This  would  correspond  approximately  to  the  seeker  look-on  range  plus  a 
range  equlV^ent  to  2  seconds  time  of  flight  (seeker  limit).  The  a^xgular 
limits  are  due  t^mlsslle  maneuver  limitations .  The  allowable  launch 
error  is  from  +  6®  to  -0®  as  limited  by  noise. 
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I'he  graph  of  Fig.  33  chovs  the  results  of  runs  which  entered  the 
launch  zone  at  80°  off  the  target's  nose.  For  this  case,  the  naxtmum 
and  minimum  launoh  ranges  showi  are  those  resulting  from  maximum  and 
minimum  Interlock  ranges  of  the  missile.  Again,  the  angular  limits  re¬ 
sult  from  AI  glfflbal  Hmlts  and  missile  maneuver  limits.  iThe  allowable 
launch  error  varies  between  +  10.8^  and  -16^  at  the  extreme  ranges  and 
+  2°  and  -7^  at  the  minimum  ranm.  Figure  36  iUustratee  the  corres¬ 
ponding  ease  for  attack  at  l40°  off  the  target's  nose. 

Figures  37  thru  39  lUustrate  the  case  of  attacks  occurring  at 
30,000  feet  and  V|r/Vip  ■  1.0  where  Vp  -  M  1.91*  The  graphs  of  Fig.  37 
show  the  results  of  runs  originating  from  20^  off  the  target's  nose. 

The  maximum  and  minimum  ranges  result  from  AI  lock-on  range  and  missile 
minimum  Interlock  range.  The  angular  limits  are  again  due  to  missile 
maneuver  limitations.  The  allowable  launoh  error  varies  from  +  11*^  to 
-12^  at  the  extranxi  range  and  from  -f  3^  to  -6^  at  the  minimum  range. 
Referring  to  the  polar  plot  (see  Fig.  I9  of  Volume  I),  It  Is  seen  that 
a  large  Increase  In  AI  radar  detection  capability  must  result  before 
all  of  the  envelope  shown  on  Fig.  37  can  be  used. 

When  the  angle  of  approach  Is  changed  to  80*^  off  the  target's  nose, 
the  results  of  Fig.  38  are  achieved.  The  AI  gtmbal  limit  again  represents 
a  major  limit.  The  range  limits  shown  result  from  missile  Interlock  ranges. 
A  aone  of  Interaat  different  fron  the  overall  zone  la  labeled.  The  lower 
reatrlotlon  la  due  to  3  g  interceptor  limit.  Ranges  outside  of  this  zone 
of  Interest  are  questionable.  Outalde  the  zone  of  Interest  the  system 
usefulnees  can  only  be  determined  by  investigating  how  rapidly  the  error 
builds  up  when  the  Interceptor  flies  a  3  g  restricted  course  Instead  of 
a  lead  pursuit  course.  The  allowable  launch  error  is  from  +  2.2°  to 
-23^  St  maximum  range  and  from  -f  2.2°  to  -20°  at  the  minimum  range  of 
the  zone  of  Interest. 

Figure  39  shows  the  results  of  runs  entering  the  launch  zone  at  an 
aspect  angle  of  l4o°.  The  altitude  and  speed  conditions  are  the  same. 

The  maximum  and  minimum  missile  interlock  ranges  represent  the  Ismioh  zone 
limits  in  range.  Fosltlve  errors  are  limited  by  missile  maneuver  capability 
and  AI  glmbal  limits.  Ragatlve  errors  are  limited  by  missile  maneuver 
limits.  The  allowable  launch  error  varies  between  -t-  l6.4°and  -23°  at  maxi¬ 
mum  range  and  +  1°  and  -6°  at  minimum  range. 

The  graph  of  Fig.  40  shows  the  resulting  allowable  launch  errors 
for  attaoke  at  30,000  feet.  For  this  case  V^Vp  ■  0.8  and  Vp  ■  N  1.91* 
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The  mas  enter  the  launch  zone  at  20^  off  the  target's  nose.  The 
naxlanin  launch  range  correspoztds  to  AI  radar  lock-on  range  given  on 
the  corresponding  polar  plot  (see  Fig.  SO  of  Volume  I) .  The  nlnlonup 
launch  range  corresponds  to  the  missile  minimum  Interlock  range.  The 
angular  limits  result  frrm  missile  maneuver  limits.  Again  a  zone  of 
Interest  different  from  the  overall  zone  is  shown.  The  outer  limit  on 
this  new  zone  represents  seeker  lock-on  ranges  plus  two  seconds  time 
of  flight.  Referring  to  the  polar  plot  of  Volume  I,  it  is  seen  that 
the  AI  detection  range  must  he  increased  to  allow  full  use  of  the  entire 
zone  of  Interest  (If  overall  system  settling  time  is  considered). 

vnien  the  runs  enter  the  allowable  launch  area  at  60°  off  the 
target's  nose,  the  results  of  Fig.  hi  are  obtained.  These  runs  cor¬ 
respond  to  runs  orlglztatlng  from  approximately  off  the  target's 
nose  at  AI  detection.  Here  the  range  limitatlonB  are  those  resulting 
from  uiaxLmuffl  and  minimum  missile  Interlock  ranges.  Positive  errors 
are  limited  by  AI  glmbal  angle  limits  and  negative  errors  are  limited 
by  the  maneuver  capability  of  the  missile.  The  zone  of  Interest  is 
limited  due  to  the  3  g  limit  on  the  Interceptor.  Again  the  extent  of 
the  zone  In  range  depends  upon  how  fast  the  errors  build  up  when  the 
interceptor  files  a  3  g  limited  course  as  opposed  to  a  lead  pursuit  course. 
Within  the  zone  of  interest,  the  allowable  launch  error  varies  between 
•f  10.$^  and  -  28^^  at  maxt.iinaiii  range  and  +  10.5^  and.dk*^  at  the  lower 
range  of  tlie  zone  of  Interest. 

When  the  angle  at  which  the  Interceptor  enters  the  launch  zone  la 
changed  to  l^iO^  the  rasidts  shown  on  Fig.  42  are  obtained.  Again  the 
niftytimmi  and  minimum  ranges  result  from  the  nslsslle  Interlock  ranges. 

The  allowable  launch  errors  vary  from  +  21. (AI  glmbal  limited)  to 
-  32°  (missile  maneuver  limited)  at  maximum  range  and  from  +  2°  to  -  6° 
at  minimum  range  (missile  memeuver  limited). 

Probability  of  Successful  Arrival  to  Missile  launeh-c^  Oo-Altltude  Attacks 

In  Volone  I,  preliminary  work  on  the  probability  of  successful 
artlval  to  missile  launch  wu  presented.  This  work  has  been  extended  and 
the  results  are  Included  In  this  report.  In  the  model,  the  interceptor  Is 
assumed  to  be  directed  on  a  pure  collision  course.  A  normal  distribution 
of  AI  radar  lock-on  probability  is  assumed  with  the  8^^  probability  point 
consistent  with  the  values  g^ven  previously.  A  normal  distribution  of 
vectoring  inaccuracy  (1^-  -  3  n.^.)  is  assumed  to  occur  along  a  line 
perpendicular  to  the  pure,  colli sloa  course  (relative  bearing  line) . 
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Courses  6ure  th(7n  generated  through  the  resulting  probability  zone  with 
the  interceptor  flying  stral£^t  lines  parallel  to  the  correct  pure 
collision  courses  at  the  center  of  the  distribution  (see  model  sketch 
on  Fig.  55  of  yolune  I) .  At  lock-on  the  Interceptor  is  placed  on  a 
constant  z/y  »  3  turn.  This  maneuver  is  optimistic  since  it  allows 
for  no  reaction  or  eveiluatlon  time  on  the  part  of  the  pilot  as  is 
encountered  on  the  BEAC  settling  time  runs  presented  previously*  The 
criteria  for  success  are  that  the  launching  error  can  be  reduced  to  10^ 
before  IW-  is  reached  and  that  the  glmbail  angle  required  does  not 
exceed  that  available  during  the  lock-on  to  Interval.  Thus  we  are 
in  a  position  to  evaluate  the  probability  of  successful  arrival  to 
missile  launch  for  a  system  which  uses  currently  available  equlpiaents. 

The  ranges  used  are  those  obtainable  with  the  62  lot  Q-72  radar.  The 
glmhal  angles  used  ore  those  of  the  62  lot  Q-72  (-  4l°  in  azimuth  and 
+  ^7,  -  3^  in  elevation)  aad  the  settling  times  employed  ore  those 
resulting  from  these  current  equipments  installed  in  the  F4h-1  or  the 
f6(j-3.  The  remaining  question  Is  whether  the  assigned  allowable  launch 
error  for  the  Sparrow  III  (10^)  Is  realistic.  Referring  to  the  graphs 
given  in  the  preceding  section  and  in  Ref  3»  it  is  seen  that  the  allow¬ 
able  launch  error  is  a  function  of  altitude  ^  aspect  angle  at  the  time 
of  entry  into  the  launch  zone,  gimbal  angle  (which  is  accounted  for 
sep^iately)  and  the  point  in  the  launch  zone  where  the  interceptor  is  in 
a  position  to  launch  the  weapon.  It  is  seen  that  for  attacks  entering 
the  launch  zone  close  to  head-on  the  allowable  launch  error  is  extremely 
small  (see  Figs.  3^  and  37)*  As  we  progress  around  toward  the  beam,  the 
eQlovable  latmch  error  Increases  (see  Figs.  32  and  3d}.  However,  as  we 
come  In-range  the  allowable  launch  error  decreases.  Thus  the  ideal  solution 
would  appear  to  be  a  mechanization  which  presents  an  allowable  launch 
indication  which  is  a  function  of  altitude,  aspect  angle  (closing  rate), 
and  range.  Without  this  mechanization  it  will  be  necessa'cy  to  assign  a 
va:(.ue  of  edlovable  launch  error  which  will  Include  a  high  percentage  of  the 
cases.  For  purposes  of  this  study  10'^  has  been  assigned.  If  2«^  values 
for  noise  uncertainty  are  considered,  the  allowable  launch  errors  will  be 
much  less  than  10°  for  oeuiy  of  the  situations  described  previously. 

Figure  43  through  45  gives  the  probability  of  successful  arrived 
to  mlaalle  launch  versus  vectoring  angle  fOr  three  altitudes.  The  attacks 
occur  under  co-altitxide  conditions.  The  results  are  sunmorlzed  on  Table  17. 
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TA3IS  IV 


PROBABIUTY  OF  SUCCESSFUL  ARRIVAL  TO  MISSILE  lAUNCH 
(Co-Altltude  Attacks  -  Unltqproved  Badar) 


Interceptor 

Velocity 

Vp 

(ft/aec) 

Speed 

Ratio 

VtAp 

Altitude 

(ft  X  ic3) 

Probability  of  Success  (fi) 

For  Aspect 
Angle  (  T  ) 

-  0® 

For  Aspect 
Angle  (-T  ) 

■  30° 

For  Aspect 
Angle  (T) 

-  60® 

1940 

1.0 

50 

46 

52 

0 

1940 

0.6 

50 

48 

73 

44 

1940 

0.45 

50 

69 

86 

85 

1897 

1.0 

30 

45 

53 

0 

1897 

0.8 

30 

52 

75 

44 

1897 

0.45 

30 

79 

90 

89 

1189 

0,8 

1 

52 

60 

47 

Th«  results  presented  on  Ftg.  ^3  (rows  1  thru  3  of  Table  IV),  were  ptu- 
sented  In  Voluoe  I  but  there  were  two  errors.  First,  the  curwes  were 
Incorrectly  described  as  attacks  occurring  at  30,000  feet.  Second,  the 
probability  curve  for  V^/Vj.  •  0,8  was  incorrectly  plotted  (too  high). 

Referring  to  Table  IV  and  Figs.  43  thru  43,  the  following  signifi> 
cant  f&etors  apply: 

(1)  >lhen  Vip/Vp.  ■  1.0  andT  •  80°,  the  probability  of 

successful  arrival  to  nlsslle  launch  is  zero  because 
the  glmbal  angle  required  exceeds  the  capability  of 
the  radeu;  and  the  interceptor  will  be  in  a  position, 
detensined  by  vectoring  inaccuracy,  from  which  he 
cannot  correct  to  a  successful  attack  since  he  has  no 
speed  advantage . 
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(a)  When  Vm/Vji  ■  0,8,  the  prlaary  reason  for  reduction  In 
prohabllity  ae  angle  off  increases  tovard  60°  Is  gioibal 
amgle  Ualtatlons . 

(3)  When  Vt/Vj>  -  0A5,  the  resulting  probahllltles  are  uni- 
fozmly  hl£d^.  unfortunately  this  case  represents  today's 
target, 

(4)  As  stated  previously,  in  the  section  on  radair  analysis,  it 
is  believed  that  the  range  values  used  in  the  1000  feet  al^ 
tltnde  case  (row  7  of  Table  IV  and  Pig.  4.5)  are  optimistic. 
These  results  will  be  modified  as  more  flna  data  becomes 
available. 

As  stated  prevloiisly,  it  is  currently  estimated  that  a  12^  improve¬ 
ment  in  AI  detection  range  will  result  from  the  use  of  a.  separate  opera¬ 
tor  (p4h-1  vs  P8U-3).  The  resulting  Improvement  on  probability  of  success¬ 
ful  arrival  to  missile  launch  is  shown  by  Fig.  43a.  The  conditions  are 
the  same  as  those  of  Fig.  43.  The  unimproved  radar  was  used.  This  figure 
is  copied  from  Volxnte  I,  and  corrected  as  discussed  previously.  It  is  seen 
that  a  12^  tn^ovement  ^.3  n.mi. )  results  in  an  8^  improvement  in  proba¬ 
bility  of  successful  arrival  to  missile  launch  for  the  case  of  V^/Vp*  1 
and  T  ■  QP  and  30®.  When  Vj/Vj>  ■  0.8  the  resulting  improvement  in  proba¬ 
bility  of  successful  arpivel  to  missile  launch  Is  I856  for  '7‘  ■  0°  and 
for  T  -  30° • 

Probability  of  auccessful  Arrival  to  Missile  launch  -  Pull-up  Attacks 

The  next  problem  to  be  investigated  is  that  of  probability  of  success¬ 
ful  arrival  to  missile  launch  for  pull-up  attacks  considering  vectoring  In¬ 
accuracies  .  The  model  and  analytical  approach  is  detailed  in  Appendix  V  of 
VolijRe  IV.  In  brief,  the  model  assumes  a  head-on  attack  with  an  azimuth 
distribution  abotit  this  head-on  attack  of  1  <5*  »  -  3  a. ml.  The  proba¬ 
bility  of  detection  on  the  range  distribution  is  that  of  the  unimproved 
radar  (12-13  n.mi.}.  The  gimbal  limits  are  those  of  the  unls^roved  radar. 

No  corrections  in  altitude  or  azimuth  wer»  made  until  lock-on  (10  seconds 
after  detection).  Upon  lock-on  the  interceptor  steurts  an  immediate  3  g 
pull-up  until  it  is  OK  a  lead  pursuit  course.  The  criteria  foi.  success 
1*1  that  the  error  can  he  reduced  to  10°  wr  less  between  the  Rpunjand  Hm<n 
Interval  without 

(1)  Joad  factors  exceeding  3 

(2)  coefficient  of  lift  exceeding 
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(3)  giffllbftl  llffitta  sxceadlng  AI  radar  glmibal  Units,  and 

(k)  a  nlnlnun  recovery  of  -  0.^. 

The  lotereaptor  paraasters  used  are  those  of  the  F4h>1.  As  stated 
psrevloasly  the  results  would  he  extended  in  altitude  due  to  greater 
f6U-3  capability.  The  results  of  the  investigation  are  shown  on 
Figs.  h6  thru  ^9  and  sure  sunnarized  on  Table  V. 

TASK  T 


HKBtBILZFF  or  SaaOBSaFDI  ABBim  to  MIBBM  lAOBCB 
(Full>tp  Attaclcs  >  Dhliqiroved  Radar) 


Target 

Altitude 

<ftxlo3) 

Target 

Veloc¬ 

ity 

(MMh) 

Interceptor 
Altitude  at 
Start  of 
RQl-up 
(ftxl03) 

Zhterceptor 
Velocity  at 
inart  of 
iuil-np 

nrababllity  of 
Soceeanfol  Ar¬ 
rival  to  NLsalle 
Launch 

ii) 

lirlBScry  Re^eone 
for  Failuree 

65 

Bi 

38 

^?mx 

0 

65 

■ 

45 

M  2.0 

,  6 

Excessive 
launch  error 

65 

B 

55 

M  2.0 

13 

Excessive 

ginibal 

65 

0.9 

15 

rasx 

11 

Excessive 
ginibal  angle 
and  recovery 
problems 

65 

0.9 

25 

^Ftssac 

49 

Excessive 

Excessive 
launch  error 
and  <  0.5 

65 

m 

35 

N  2.0 

35 

Sccesslve 

launcdi  error 

65 

0.9 

55 

M  2.0 

65 

Excessive 
ginibal  angle 

50 

..  J 

■ 

30 

V 

Fnax 

6 

Excessive 
launch  error 
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TABLE  V  (Coat'd) 


PROBABlim  OP  SUCCESSSUL  ARRIVAL  TO  MISSILE  LAUNCH 
(PuU-Up  Attacks  -  Unimproved  Radar) 


Target 
Alti¬ 
tude  - 
(ftxlO^) 

Target 

Velo¬ 

city 

(Mach) 

inter¬ 
ceptor 
Alti¬ 
tude  at 
Start  of 
PuH-im 
(ftxlO^) 

1 - 

Interceptor 
Velocity  at 

1  Start  of 
Pull-up 

Probability 
of  Success¬ 
ful  Arrived 
to  Missile 
launch 

(St) 

Primary  Reasons 
For  Failures  - 

50 

m 

i40 

M  8.0 

12 

Excessive  launch 
error 

50 

D 

50 

M  8.0 

Excessive  launch 
error 

50 

0.9 

10 

'^Faax 

91 

Excessive  launch 
error  -  Excessive 
glBibal  single 

50 

0.9 

80 

^Fmaic 

60 

Excessive  launch 
error  - 

50 

0.9 

30 

^Ffflax 

55 

Excessive  launch 
error  -  Excessive 
gimbed  angle 

50 

0.9 

ko 

M  2.0 

65 

Excessive  launch 
error  •’  Excessive 
glmbad  angle 

50 

0.9 

50 

M  8.0 

69 

Excessive  launch 
error  -  Excessive 
gimbed  angle 

Referring  to  Fig.  Vf,  the  hook  In  the  curve,  though  unusual  In 
appearance,  has  a  very  logical  es^lanatlon.  Betveen  50,000  feet  and 
3?, 000  feet  the  Interceptor  velocity  Is  constant  at  M  8.0  and  the  pull-up 
rate  Is  Halted  hy  the  *  3  requirement.  Below  35tOOO  feet,  the  de¬ 
crease  In  Interceptor  uaidoum  velocity  results  in  a  gireat  angiiin'r  pull- 
up  rate  for  a  3  g  course. 
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Degradation  of  Probability  of  Sutfcesaful  Aarival  to  MtaBlla 
lAi^ch  Pue  to  Target  Maneuvers 

Ut  to  this  point  In  the  study,  the  degrading  effect  of  vectoring 
accuracy  has  been  presented.  In  addition,  a  cursory  look  at  the  degrading 
effect  of  clutter  and  vreather  has  been  oade.  Another  Ingiortant  possible 
degrading  factor  Is  that  resulting  from  target  maneuvers.  In  this  study, 
it  Is  assumed  that  the  primary  Job  of  the  target  Is  that  of  delivering  a 
veapon  against  Its  target  of  Interest.  Thus  the  maneuver  studied  Is  one 
which  can  easily  be  accomplished  by  the  target  and  which  will  not 
detract  markedly  from  his  ability  to  deliver  his  own  weapon. 

The  model  assumed  Is  described  In  detail  In  Appendix  VI  of 
Volume  IV.  The  same  UmltationB  were  limposed  «us  used  In  the  pre> 
ceding  analysis  of  probability  of  success.  The  radar  detection  range 
was  12  •  13  n.ml.  The  glmbal  limits  used  were  ~  ^1°»  ■  -t-  ^7^  *  3^  • 

The  vectoring  accuracy  used  was  1^-  »  3  n.ml.  Only  one  plane  was  In¬ 
vestigated  (no  errors  assumed  In  elevation) .  The  target  maneuver  was 
assumed  to  start  at  AI  radar  lock-on  and  consisted  of  a  1  g  lateral  turn 
which  criss-crossed  the  desired  flight  path  having  a  maidmum  deviation 
of  target  heading  from  this  path  of  30^.  The  interceptor  wais  vectored 
on  a  pure  collision  course  eind  did  not  deviate  from  this  until  lock-on  at 
which  time  a  3  8  turn  la  used  until  the  lead  pursuit  course  is  reached. 

The  error  must  be  reduced  to  10^  or  less  between  and  Rjjjin. 

The  results  of  target  maneuver  are  shown  on  Figs.  30  thru  $2, 

Figures  $0  and  51  skiow  polar  plots  along  with  typical  trajectories  of  the 
Interceptor.  These  figures  are  plotted  In  target  coordinates  (target  fixed). 
Figure  50  shows  the  results  of  target  maneuvers  Initially  to  the  right 
(initial  turn  toward  the  interceptor).  For  these  saoiples  the  maneuver 
started  at  AI  detection.  Figure  51  shows  the  results  of  target  maneuvers 
initially  to  the  left  (Initial  turn  away  from  the  interceptor) .  Figure  $2 
congwres  the  probability  of  success  resulting  from  these  two  types  of 
target  maneuvers.  The  dashed  line  shows  the  result  of  an  Initial  target 
maneuver  to  the  left  and  the  solid  line  shows  the  result  of  an  Initial 
tsurget  maneuver  to  the  right.  The  Investigation  was  restricted  to  co-altl- 
tude  attacks  at  30,000  feet.  The  results  of  this  Investigation  are 
summarized  on  Table  VI  and  a  comparison  of  probability  of  successful 
arrival  to  missile  launch  for  maneuvering  and  non-maneuvering  targets  are 
made. 
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TABia  VI 


COMPARISON  OF  PROBABILITY  OF  SUCCESSFUL  ARRIVAL  TO  MISSIIE 
LAUNCH  FOR  MANEUVERING  AND  NON-MANEUVERING  TARGETS 
(Co«Altitude  Attacks  —30,000  ft  -Ubloprovad  Radar) 


Speed 

Ratio 

vtAf 

Aspect 

Angle 

r 

(Deg) 

Probability  of  Successful  Arrival  to 

Missile  Launch  (4) 

Initl€kl  Maneuver 
Toward  Inter¬ 
ceptor  (Right  Turn) 

Initial  Maneuver 
Away  From  Inter¬ 
ceptor  (Left  Turn) 

Nonmaneuverlng 

1.0 

0 

42.5 

42.5 

45 

1.0 

30 

51 

56 

53 

1.0 

60 

0 

0 

0 

0.8 

0 

53 

53 

52 

0.8 

30 

6S 

77 

75 

0.8 

6o 

44 

44 

44 

0.45 

0 

77 

77 

79 

0.45 

30 

84 

92 

90 

0.45 

60 

89 

89 

89 

Referrloe  to  Fig.  ^  azid  to  Table  VI,  It  Is  seen  that  as  could 
be  expected,  an  Initial  target  maneuver  right  or  left  yields  the  same 
results  for  the  head-on  case.  For  the  case  of T'-  30°  an  initial  maneuver 
to  the  right  (toward  the  interceptor)  always  red.uce8  the  probability  of 
success  from  that  realized  for  the  noniaaneuvering  case.  This  is  as 
expected  since  this  initial  right  turn  reduces  the  time  that  the  inter¬ 
ceptor  has  to  solve  the  problem.  Also,  as  was  expected,  an  initial 
maneuver  to  the  left  (away  from  the  interceptor)  always  results  In  an 
Increased  probability  since  there  is  more  time  for  the  Interceptor  to  solve 
the  problem.  If  the  target  always  maneuvers  toward  the  Interceptor  the 
lowest  probability  will  result.  However,  as  shown  in  Table  VI,  the 
reduction  In  probability  over  that  realized  for  a  nonmaneuverlng  target  Is 
not  great. 
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It  Is  seen  from  Table  VI  that  for  T"  the  probability  of 
successful  arrival  to  missile  launch  Is  the  same  for  each  of  the  target 
maneuvers  Investigated  and  for  the  nonmaneuverlng  target.  This  la  due 
to  the  limits  of  the  assumed  a»del.  Since  the  model  assumes  that  the 
Interceptor  makes  no  maneuver  prior  to  lock>on  and  that  the  target 
makes  no  maneuver  prior  to  lock-on^  gimbal  angle  limits  are  the  domin¬ 
ating  factors.  The  model  should  be  refined  (pilot  in  the  loop)  to 
Include  maneuvers  by  the  Interceptor  prior  to  lock-on  which  will;  in 
some  cases;  reduce  the  gimbal  angle  problem.  However,  It  is  expected 
that  under  some  conditions  the  pilot  will  make  the  wrong  maneuver  thus 
reducing  further  the  probability  of  success.  The  adequacy  of  the  model 
can  be  determined  only  by  including  the  pilot  in  the  loop.  This  will  be 
done  in  the  extended  phase  of  the  study.  Figure  53  shows  the  results  on 
probability  of  successful  arrival  to  missllo  launch  of  using  a  combin¬ 
ation  of  worst  possible  target  maneuvers.  This  is  assuming  that  the 
target  has  a  vast  amount  of  Intelligence  relating  to  the  tactical 
problem.  It  assumes  the  target  knows  the  exact  angle  of  approach,  the 
exact  range  between  Interceptor  rnd  target  and  the  exact  speed  conditions 
at  the  tlBus  of  initial  maneuver.  The  dashed  lines  of  Fig.  53  show  the 
results  for  a  non-maneuvering  target.  The  solid  line  represents  the  results 
for  a  combination  of  worst  target  maneuvers .  For  the  case  of  Vx/Vp  ■  1,  the 
resulting  probabilities  ore  33^  at  T  *  0°,  5^9^  T  JOP,  and  0^  at 
y  •  60^  for  the  worst  possible  maneuvers.  This  coapares  to  probabilities 
of  45^,  53^  and  0^  for  the  nonmaneuvering  target  situation.  When  the  speed 
ratio  is  decreased  to  V^/Vp  ■  0.8  the  probabilities  for  the  situation  of 
worst  target  maneuvers  are  465^  at‘T'»  0,  68^1  atT  -  30°  amd  44jt  atT  ■  80°. 
For  the  nonmaneuvering  target  the  cozrespondlng  probabilities  ax'e  52$,  75$ 
suid  44^.  When  the  speed  ratio  is  decreased  still  further  to  0.45,  the  re¬ 
sulting  probabilities  are  73$  atT  ■  0°,  &5$  at  T  ■  30°  amd  89$  at 
T*  60^.  For  the  nonmaneuvering  situation  the  probabilities  were  79$ t  90^ 
and  8S$.  The  reason  that  the  probabilities  aure  the  same  atT'"  6o^  for  the 
maneuvering  and  nonmaneuvering  cases  is  the  same  as  given  before. 

Weather  Degradation  of  System  Perfornance 

The  low  altitude  performance  of  the  AI  radar  has  been  presented 
in  an  earlier  section  of  this  report.  Figure  54  shows  theoretical  degrad¬ 
ation  curves  for  performance  of  the  62  lot  Q-72  radar  in  the  presence  of 
radn.  These  eadoulatlons  consider  the  effects  of  humidity  attenuation, 
attenuation  from  scattering  by  the  rain  particles  in  the  two-way  path  amd 
bau:k  scattering  at  the  target  due  to  rain.  These  curves  were  obtained 
from  Ref  4. 
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Referring  to  Fig.  it  Ib  seen  that  if  the  perfomance  of  the  6S 
lot  Q-72> iB  12-13  n.ml.  under  fair  weather  conditions^  the  performance 
will  be  approxlaately  2.8  n.ml.  in  the  presence  of  a  llgd^t  rain. 

Figure  33  gives  the  results  of  theoretical  calculations  (done  separ¬ 
ately  from  those  of  Fig.  ?4}  of  performance  In  rain  which  was  presented 
in  Volume  I.  It  Is  looportant  to  note  the  close  agreement  of  the  two 
curves  for  the  results  of  light  rain  degradation  for  nose-on  aspect. 

The  current  62  lot  Q-72  radar  yleUs  12-13  n.ml.  detection  range  (see 
earlier  polar  plots)  against  the  nose  aspect.  This  would  be  reduced 
to  2.6  n.ml.  If  the  degradation  figures  of  Fig.  33  are  used.  At  70^ 
off  the  B-47  target's  nose  the  clear  weather  dete^lon  range  Is  16.5  n.ml. 
(high  speed  conditions).  Using  NAMTC  calculations,  this  would  be  reduced 
to  3’5  n.ml.  In  the  presence  of  llgnt  rain.  This  compares  with  5.6  n.ml. 
from  the  results  shown  by  Fig.  33 > 

Barly  Detection  Requirements 

In  addition  to  the  degradation  factors  described  In  the  preceding 
sections,  It  Is  necessary  to  consider  the  effects  of  early  warning  cap¬ 
ability,  Interceptor  climb  capability  and  Interceptor  endurance  capability. 
A  prellmlnaury  study  of  these  factors  has  been  made  and  Is  shown  by  Figs.  56 
thni  77.  ^le  models  used  and  analyses  methods  are  shown  in  Appendix  II 
of  Volume  IV. 

Figure  36  shows  early  warning  detection  requirements.  The 
assumptions  made  are: 

(1)  the  early  warning  equipment  Is  located  100  n.ml. 
from  fleet  center, 

(2)  the  target (s)  are  flying  at  30,000  feet,  and 

(3)  the  targets  are  eoqploying  a  100  n.ml.  alr-to-surface 
missile  (kill  must  be  recorded  100  n.ml.  from  fleet 
center) 

In  th9  development  of  the  graph  of  Fig.  3^t  the  climb  and  speed 
characteilstlcs  of  the  f4k-1  were  used.  Two  target  speeds  were  used 
(V^  ■  10  n.ml.  per  minute  and  ■  20  a. ml.  per  minute).  Referring  to 
Fig.  36,  a  t:nplcaX  game  can  be  played.  For  exaBq)le,  If 

(1)  40  targets  are  attacking  the  fleet  center^ 

(2)  the  initial  system  dead  time  (T),  which  Is  the  time  between 
Initial  detection  of  the  target  and  launching  the  first 
Interceptor,  Is  3  minutes 


37 


COKFILBIITIAL 


(3)  th9  target*  are  flylag  at  30,000  faat  at  a  •p«ad  of 
10  n.Dl.  per  minute  (approximately  M  l.O) 

(If)  one  Interceptor  per  target  la  required  and  k)  Inter¬ 
ceptor*  can  te  launched  In  20  minutes  (nk  «  20), 
where  n  ••  number  of  Interceptor*  and  k  •  Interval 
between  launching*  in  minute*, 

then  the  early  warning  detection  requirement  is  300  n.ml.  Tbl*  means 
that  If  the  requirement  1*  that  all  target*  must  be  Intercepted  before 
they  reach  a  point  100  n.  ml.  from  the  fleet  center,  the  Initial 
detection  of  these  target*  must  occur  300  n.  mi.  from  the  early 
warning  location  (in  this  exanqtle  ^  n.ml.  from  fleet  center). 

If  the  target  speed  i*  changed  to  20  n.ml.  per  minute  (approxi¬ 
mately  M.2.0)  and  all  other  parameters  are  held  constant,  the  early 
warning  detection  requirement  1*  600  n.ml.  from  the  eau'ly  warning  loc¬ 
ation  (for  this  exaoqple  700  n.ml.  from  fleet  center).  If  the  syatem 
dead  tire  1*  changed  to  6  minute*  the  requirement,  of  course^  Increases 
to  660  n.ml.  These  curves  are  optimistic  since  factor*  such  as  combat 
time  and  human  factors  are  neglected.  Later  curves  will  shew  available 
combat  time  for  one  Interceptor  attacking  one  target. 

Figures  37  thru  63  show  the  available  cor^t  time  for  co-altltade 
attacks  (30,000  feet).  It  1*  assumed  that  the  interceptor  Is  In  CAP  at 
30,000  feet  under  cruise  conditions  100  n.ml.  from  fleet  center.  The 
allowable  target,  penetration  Is  to  100  n.ml.  from  fleet  center.  The 
Interceptor  accelerates  as  rapidly  as  possible  to  (M  1.9l)>  The 
earl'  warning  detection  range  (rang«  from  fleet  center)  and  system  dead 
time  (time  between  ecurly  warning  detection  and  initiating  the  first 
attack)  are  varied.  The  resulting  combut  times  (time  between  first  con¬ 
tact  between  Interceptor  end  target  and  the  time  that  the  target  passes 
the  100  n.ml.  penetration  br^rrler)  are  sUngBarized  on  Table  VII. 
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TABtB  VII 


EARLY  WARNING  DETECTION  REQUIREMENTS 
(Co-Altltude  Attacks  at  30,000  Feet » Interceptor 
In  CAP  at  30,000  Feet) 


— 

Target  Velocity 

Vt 

(Pt/S90) 

Early  Warning 
Detection  Range 
(Distance  from 
Fleet  Center) 
(n.mi.) 

System  Dead 
Time 

(Minutes) 

Available 
Combat  Time 
(Minutes) 

854 

300 

3 

13.93 

i,3i8 

300 

3 

5.42 

1,897 

300 

3 

3.53 

1,897 

300 

6 

S.05 

1,897 

200 

3 

1.15 

l,5l9 

300 

6 

3.87 

1,5.18 

200 

3 

I.C7 

854 

300 

6 

11.87 

854 

200 

• 

3 

5.59 

1 _ ^ 

■ 

_ J 

ThQ  c'ijse  Investlgatecl.  iw  that  of  ua  interceptor  at 

30,000  feet  target  st  5O,0C0  feet.  For  this  Investigation 

the  interceptor  is  ip  CAF  tst  100  n,mi,  froa  the  fleet  center.  When  the 
run  starts,  the  interceptor  &ccelerate>.4  to  V^^^  and  then  climbs  super¬ 
sonically  to  50,000  feet.  The  combat  times  given  would  be  those  avail¬ 
able  for  a  horizontal  attack  (snap-up  not  coasiderod) , 
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Figures  6k  thru  70  show  the  available  comibat  times.  These  results  arts 
swEsaarlzed  on  Table  VIII. 


TABLE  VIII 

EARLY  UARMNG  DETECTION  REQUIRSMBNIS 
(Co -Altitude  Attsckr  at  50,000  Ft.— 
Interceptor  lu  CAP  at  30,000  Ft.) 


Target  Velocity 

(ft/sec) 

Early  Vamlng 
Detection  Range 
(Distance  Prom 

Fleet  Center) 
(n.ffll.) 

System  Dead 
Time 

(Minutes) 

Available 
Combat  Time 
(Minutes) 

I,9it0 

300 

5 

3.1 

1,552 

300 

3 

5 

300 

3 

13.18 

l,9it0 

300 

6 

1.92 

l,9k0 

200 

3 

0.9 

1,552 

300 

6 

3.5 

1,552 

200 

3 

1.58 

m 

300 

6 

11.16 

&T3 

200 

3 

5.25 

The  third  phase  of  the  investigation  is  to  determine  available  combat 
time  for  deck  launched  Interceptors  attacking  a  taurget  at  30,0o0  feet. 
Here,  the  F4h-1  accelerates  at  sea  level  to  climb  speed,  climbs  to 
30,000  feet  and  accelerates  to  inaximum  speed.  Figures  71  thru  77  show 
the  available  combat  times  and  their  resiilts  are  summarized  on  Table  IX. 
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EABLY  WABNxir  DFrECTlON  KBQITIRENENTS 
(Co-Altitude  Attacks  at  30^000  Foet- 
Interceptor  Deck  Launched) 


Target  Velocity 
\'T  . 

(Pt/Sec) 

Early  Warning 
Detection  Range 
(Distance  From 
Fleet  Center) 

(ni  nd-) 

System 

Dead  Time 

(Minutes) 

Available 
Combat  Time 
(Minutes) 

1,897 

300 

3 

0.42 

1,518 

300 

3 

1.83 

854 

300 

3 

9.33 

1,897 

300 

6 

0 

1,897 

200 

3 

0 

1,518 

300 

6 

0.25 

1,518 

200 

3 

0 

854 

300 

6 

7.17 

854 

200 

3 

1.08 
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Degradation  Caused  By  CountanaeaBiireB 


Basic  work  on  this  phase  of  the  study  has  been  reported  In  NTX 
Kepoits  4720,  4785  and  4949.  The  vulnerability  of  the  AI  radar  to 
countermeasures  Is  further  detailed  In  a  secret  supplement  to  this  repoit 
(see  Volume  VI). 

Remaining  Study  ^ 

There  are  several  areas  where  Investigation  Is  needed  before 
the  performance  of  the  current  system  under  tactical  conditions  can 
be  clearly  defined.  These  are  as  follows; 

(1)  Extension  of  the  co*altitude  probability  of  success 
curve:^  to  Include  angles  off  the  target's  nose  greater 
than  60*^  and  to  Include  smaller  Incitements. 

(2)  Conduct  a  flight  simulator  program  to  operationally 
verify  the  adequacy  of  model  techniques  in  the  present 
study.  This  would  be  a  check,  using  the  pilot  in  the 
loopyof  the  critical,  areas  exposed  by  the  current 
study. 

(3)  Extension  of  the  Incremental  altitude  study  to  Include 
azimuth  angles  other  than  head-^nt 

(4)  Detezvlne  by  study  and  analysis  the  acceleration  launch¬ 
ing  transients  occurring  during  the  Sparrow  III  missile 
launch  and  the  effects  of  these  transients  upon  dynamic 
performance  of  the  missile  Internal  functions  cmd  missile 
trajectory  to  the  target. 

(5)  Detemilne  by  study  and  analysis  the  effects  of  noise  and 
missile  orientation  on  system  accuracy,  both  with  and 
without  '^English  Bias". 

(6)  Determine  by  study  and  analysis  the  Illumination  require¬ 
ments  after  Sparrow  III  launch  in  conjunction  with  break¬ 
away  requirements  and  aircraft  normal  flight  recovery 
req\d.rements . 

(7)  Investigation  of  limits  in^sed  by  hydraulics  on  pull-up 
capability. 
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fUASB  K-SYSTBM  PERFQRMANCSB  UNDER  E3CPECDED  TAOFIG/IL  COHDIFIONS  VTSR 
ADDITION  0?  CURRENTia'  PROPOSED  IMFROVEMBNTS 

The  results  presented,  previously  In  this  report  and  those  presented 
in  Volume  I  indicate  that  improvement  in  subsystem  perfonsanee  is  needed 
if  successful  missile  launciies  at  an  acceptable  probability  level  Eire  to 
be  achieved.  When  other  degrading  factors  are  considered,  in  addition  to 
those  Included  here,  it  is  predictable  that  the  probability  of  success 
curves  shown  previously  will  be  degwided  further.  It  is  thus  very  iinportsuat 
to  investigate  regions  of  possible  improvement  to  the  subsystem  elements  in 
order  that  overall  system  tnctlcEil  use  capability  ceui  be  iu^troved. 

AM/APQ-7g-AW/APQ-7^  Daprovoaents  in  Fair  Weather 

In  Volinne  I  of  this  report  the  improvements  realized  from  seEurch 
volume  optimization,  bsuidwidth  switching,  bright  display,  improved  re¬ 
ceiver  crystals,  and  triangle  vectoring  were  considered.  It  was  estlfflated 
that  these  improvements  would  result  in  Em  85^  detection  capability  Eigalnst 
a  B-47  target  at  approximately  19  n.ml.  head-on  under  high  speed  conditions. 
To  date  there  is  insufficient  data  in  hand  to  verify  the  validity  of  these 
estimates.  However,  flight  tests  of  seme  of  these  Improvements  have  been 
made  by  the  contractor'.  Figure  78  shows  the  results  of  some  of  these  tests. 
The  test  Eiltltude  was  1^,000  feet.  Runs  were  made  against  Em  F2H-2,  head-on 
aspect,  with  a  closing  rate  of  8OO  knots.  For  these  tests  an  improved  re¬ 
ceiver  was  used  (inproved  NF  from  10. 7  to  8.9^+  db),  the  bEmdwldth  of  the 
IF  was  narrowed  in  the  seEirch  mode  (from  4mc  to  l.lmc),  the  seEmch  employed 
was  64*^  azimuth  by  6.4°  elevation  and  the  dish  size  was  increased  to  30  i>^> 
While  it  is  not  the  intent  to  canpare  these  results  with  test  results  ob¬ 
tained  by  NATO,  Rsituxent,  on  the  AN/AFQ-^O  (test  conditions  were  different) 
the  trend  is  apparent.  With  the  modified  system  the  85?t  probability  of 
detection  occurred  at  31  n.ml.  Referring  to  Volume  I,  it  is  seen  that 
the  83$  probablli\;y  of  detection  for  the  AN/APQ-50  as  obtained  by  Eatuxent 
was  16.8  n.mi.  It  should  be  remembered  that  the  results  of  Fig.  78  have 
not  been  degwided  in  smy  way.  Thus  they  do  not  represent  tactlcEil  capabil¬ 
ity. 

Probability  of  Successful  Arrival,  to  Missile  launch  -  Improved  Radar 

In  Volume  I  the  results  of  using  the  Improved  nuiar,  which  had  an 
85/6  probability  of  detecting  a  B-47  size  target  heEui-on  at  19  n.mi.  and 
t  57°  azimuth  and  elevation  glmbEQ.  coverage,  were  presented  for  attacks 
occurring  at  50»000  feet  Eiltltude.  These  results  are  repeated  here  on 
Pig.  79. 
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Crrresponding  results  for  attacks  occurring  at  30,000  and  1,000  feet 
altltiide  are  given  on  Figs.  8o  and  8l,  These  results  are  sumnarlzed 
on  Table  X. 

TABlJi:  X 


COMPARISON  OF  PROBA£IIITY  OF  SCCCSSSFUL  ARRIVAL  TO  MISSILE  LAUNCH 
FOR  SYSTEhG  USING  IMPROVED  AND  UNIMPROVED  RADAR 
(Co-^tltude  Attacks^  Noninaneuverlng  Target) 


Altitude 

(ftxl03) 

Inter¬ 

ceptor 

Velocity 

Vf 

(Ft/Sec) 

Speed 

Ratio 

Aspect 

Angle 

r 

Probability  of 

Successful  Arrival 
to  Missile  Launch  (jl) 

Vt/Vp 

(Deg) 

Improved  RadAk' 

Unimproved  Radar 

50 

1.0 

0 

75 

46 

50 

1,940 

1.0 

30 

89 

52 

50 

1,940 

1.0 

60 

8 

0 

50 

1,940 

0.8 

0 

84 

48 

50 

1,940 

0.8 

30 

91 

73 

50 

1,940 

0.8 

60 

89 

44 

50 

1,940 

0.45 

0 

97 

69 

50 

1,9V) 

0.45 

30 

98 

86 

50 

1,940 

0.45 

60 

100 

85 

30 

1,897 

1.0 

0 

75 

45 

30 

1,897 

1.0 

30 

88 

53 

30 

1,897 

1.0 

60 

8 

0 

30 

1,897 

0.8 

0 

84 

52 

30 

1,897 

0.8 

30 

92 

75 

30 

1,897 

0.8 

60 

89 

44 

30 

1,897 

0.45 

0 

97 

79 

30 

1,897 

0.45 

30 

98 

90 

30 

1,897 

0.45 

60 

100 

89 

1 

1,189 

0.8 

0 

82 

52 

1 

1,189 

0.8 

30 

84 

60 

1 

1,189 

0.8 

60 

76 

47 
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Contparing  the  resulta  given  on  Table  X,  it  is  seen  that  there  is  an 
insignificant  difference  due  to  altitude  in  the  30,000  and  $0,000  feet 
cases. As  stated  previously,  the  1,000  feat  altitude  case  has  not  been 
Investigated  thoroughly  because  of  the  lack  of  test  data.  Based  on 
the  theoretical  calculations  and  Halted  test  data  presented  previously, 
one  probability  of  successful  arriveO.  to  missile  launch  curve  has  been 
presented. 

To  date  the  effects  of  adding  the  estimated  Ingirovement  in  AI 
radar  performance  resulting  from  the  use  of  a  second  operator  has  not 
been  investigated  fully  range  iiqproveiaent) .  However,  the  effects 

on  probability  of  successful  arrival  to  missile  launch  can  be  Inferred. 

Figure  79a  shows  the  sensitivity  of  the  probability  of  successful 
arrival  to  missile  launch^  using  the  improved  systet^to  range  Incresise. 

The  conditions  are  the  same  as  those  of  Fig.  79.  When  Vm/Vp  •>  1.0 
and  Vp  >  M  2.0  the  Ingprovement  restiltlng  from  using  a  12%  raxige  in¬ 
crease  are: 

(1)  prom  751^  to  81t%  for  ^  “  0° 

(2)  Prom  89%  to  92%  for  'Y •  30°. 

Probability  of  Successful  Arrival  to  Missile  Launch  - 
Improved  Radar  -  Maneuvering  Target 

The  effects  of  target  maneuvers  on  the  probability  of  successful 
arrival  to  missile  launch  on  a  system  using  the  Improved  radar  are 
shown  on  Fig.  82.  The  altitude  of  attack  is  30,000  feet  and  Vip/Vp  »  1.0 
where  Vj,  ■  M.I.9I.  The  radar  has  an  85%  probability  of  detection  at 
19  n.sd.  The  ^mbal  angle  coverage  is  -  $7°  in  azimuth  and  elevation. 

On  this  figure,  the  solid  line  shows  the  results  of  Inltisd.  target 
maneuvers  toward  the  Interceptor  (initial  right  turn)  euod  the  duhed  line 
shows  the  results  of  initial  target  maneuvers  away  from  the  Interceptor 
(initial  left  turn).  T||Bse  results  are  shown  on  Table  XI  and  a  conpar- 
laon  is  made  with  the  results  obtained  with  a  system  using  the  unimproved 
radar. 
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TABLE  n 


COMPAHISON  OP  PROBABILITY  OP  3UCCESSPUL  ARRIVAL  TO  MISSIUl  lAUNCH 
FOR  SYSTE»e  USINQ  IMPROVED  AND  UNIMPROVED  RADAR 
(Co-Altitude  Attacks— Maneuvering  Target) 


Interceptor 

Veloclty 

Vp 

(Pt/Sec) 

Speed  Ratio 

Vj/Vp 

Aspect 

An^e 

(Deg) 

Probability  of  Successful 

Arrival  to  Missile  Launch  {%) 

Improved  Radar] 

Unli^proved  Radar 

Initial 

Right 

Turn 

Initial 

Left 

Turn 

Initial 

Right 

Turn 

Initial 

Left 

Turn 

1,897 

Bi 

0 

72 

72 

42.5 

42.5 

1,897 

30 

79 

90 

51 

56 

1,897 

6o 

8 

8 

0 

0 

1,897 

0 

e& 

88 

53 

53 

1,897 

30 

87 

94 

62 

77 

1,897 

60 

89 

89 

44 

44 

1,897 

mmm 

0 

97 

97 

77 

77 

1,897 

30 

96 

99 

84 

92 

1,897 

B9i 

60 

100 

100 

89 

89 

Referring  to  the  results  given  on  Table  XI,  it  is  seen  that  eis 
In  the  case  of  the  unln^roved  radar  target  maneuvers  initially  to  the 
left  and  initially  to  the  right  yield,  the  same  results  for 0.  ConiparlBon 
bf .  results  show  that  there  is  a  significant  liqprovement  in  probability 
of  successful  arrival  to  missile  launch  with  the  linproved  radar  partic¬ 
ularly  when  a  high  speed  target  is  Involved.  Conqjaring  the  results  of 
Table  XI  for  the  improved  radar  against  the  maneuvering  target  with  the 
corres^pondlng  results  of  Table  X  for  the  nonmaneuverlng  target,  and  using 
the  case  Vf/Vp  *  1.0,  we  see  that  target  maneuvers  result  in  degrad¬ 
ation  for  T  ■  0®.  When  T  ■  30°  there  is  lOjt  degradation  for  an  initial 
right  maneuver  by  the  target  and  a  1^  improvement  for  an  inltied  left 
turn  by  the  target  because  of  the  additional  time  available.  WhenT'  = 
there  Is  no  difference  between  each  of  the  assumed  maneuvers  and  the  non- 
maneuvering  target.  The  reason  is  the  same  as  stated  prevlouBly  (gimbal 
angle  limits  predominate  in  the  assumed  model). 
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Figure  83  con^ares  the  probability  of  successful  arrival  to 
missile  launch  for  noninaneuvezlng  and  for  maneuvering  targets.  The 
attatk  occurs  at  30>000  feet.  The  ln^)xoved  radar  Is  used.  Here 
again,  the  curves  plotted  for  the  maneuvering  target  give  the  results 
for  a  combination  of  worst  possible  maneuvers.  This  assumec  that  the 
target  has  a  large  amount  of  Information  related  to  Interceptor  range 
and  angle  of  approach.  For^  ■  6o°,  the  probabilities  are  the  same 
for  both  the  maneuvering  and  nonmaneuvering  targets  for  the  same 
reason  ea  stated  previously  /glmbal  angle  limits  predominate  In  the 
assumed  modal).  When'T^*  30°  and  V^/Vp  ■  1.0,  the  probability  of  success 
for  the  maneuvering  target  Is  78^  as  con^ared  to  6&ji  for  the  nonmaneuvering 
target.  When'7'  «  0°,  the  probability  of  success  for  the  maneuvering  target 
Is  66^  as  congjared  to  75^^  for  the  nonmaneuvering  target. 

When  the  speed  ratio  la  reduced  to  0.8  and'T^  »  30°i  the  probability 
of  success  for  the  maneuvering  target  la  88^  as  coiqpared  to  92^  the 
nonmaneuvering  target.  When'T  ■  0®,  the  probability  of  success  for  the 
maneuvering  target  Is  ’jB’jh  as  con^jared  to  okjt  for  the  nonmaneuvering  target. 
Corresponding  results  are  also  presented  for  the  case  of  V^i/Vp  «  0.45. 

Probability  of  Successful  Arrival  to  Missile  Launch  -  Improved  Radar 
Pull  "tin  Attacks 

The  next  phase  of  the  study  is  that  of  pull-up  attacks  with  a 
system  which  incorporates  the  imoroved  radar.  The  results  of  this 
phase  are  detailed  in  Amendix  V'of  Volume  IV.  Saoiples  of  the  results  are 
shown  on  Pigs.  84  thru  87.  The  model  assumes  head-on  attacks  wl,th  an 
azimuth  distribution  of  vectoring  errors  about  this  head-on  attack  of 
1^  =  ±  3  n.ml.  The  855^  probability  of  detection  on  the  range  distribu¬ 
tion  corresponds  to  that  of  the  inproved  radar  (I9  n.ml.).  The  gimbal 
limits  are  those  of  the  improved  radar  (-  57°  In  elevation  and  azimuth). 

No  corrections  in  altitude  or  azimuth  are  made  until  lock-on  (10  secs, 
after  detection).  Upon  lock-on  the  interceptor  starts  an  immediate  3  S 
p\ill-up  until  it  is  on  a  lead-pursuit  coarse.  The  criteria  for  success 
is  that  the  error  can  be  reduced  to  10°  or  less  between  the  and 
boundary  without  a  requirement  of  load  factor  exceeding  3  or  the 

gimbal  angles  of  the  AI  radar  are  not  exceeded,  and  a  minimum  recovery  of 
l/w  =  is  required.  The  interceptor  parameters  used  are  those  of  the 
P4h-1.  As  stated  previously,  the  useful  zone  would  be  extended  in  alti¬ 
tude  if  the  P8u-3  were  considered  due  to  its  greater  altitude  capability. 
The  results  are  summarized  on  Table  XII. 
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TABLE  n.^ 

PROBAilUTY  OF  SUCCESSFUL  ARRIVAL  TO  MISSIIE  LALIJCH 
(Pull 'Up  Attacks  -  loiproved  Radar) 


Target 

Alt. 

(ftxl03) 

Target 

Velocity 

(Mach) 

Interceptor 
Alt,  at  Start 
of  Pull-Up 

(ftxl03) 

Interceptor 
Velocity  at 
Start  of 
Pull-Up 

Probability 
of  Success¬ 
ful  Arrival 
to  Launch 
{%) 

Primary 

Reasons 

for 

Failures 

65 

M 

25 

Vij* 

17 

Error  Could 
Not  be  Re¬ 
duced  to  10° 

65 

m 

45 

M  2.0 

50 

Error  Could 
Not  be  Re¬ 
duced  to  10° 

65 

2.0 

55 

M  2.0 

75 

Error  Could 
Not  be  Re¬ 
duced  to  10° 

65 

■ 

15 

56 

Recovery 

Problems 

Vw  <  0*5 

65 

m 

25 

^Fnax 

95 

Error  Could 
Not  be  Re¬ 
duced  to  10° 

65 

m 

35 

M  2.0 

90 

Error  Could 
Not  be  Re¬ 
duced  to  10® 

65 

0.9 

55 

M  2.0 

97 

Error  Could 
Not  be  Re¬ 
duced  to  10® 

50 

■ 

10 

^Faax 

16 

Error  Could 
Not  be  Re¬ 
duced  to  109 
Excessive 
Gimbal  Angle 
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TABIE  XII  (CQNT) 


FROB/IBIUTX  OF  SUCCFSSFUI.  ARRIVAL  TO  MISSHE  UUKCH 
(Pull-up  Attacks  -  Improved .lEUuiar) 


Target 

Altitude 

(ftxl03) 

Target 

Velocity 

(Maoli) 

Ihterceptof 
Altitude  at 
Start  of 
Pull-up 
(ftxlO^) 

Interceptor 
Velocity  at 
Stcurt  of 
Pull-up 

Probability 
of  Successful 
Arrival  to 
Missile  Launch 

(i>) 

Primary  Reasons 
for  Failures 

50 

■ 

20 

V 

Fmax 

46 

Error  could 
not  be  re¬ 
duced  to  10° 

50 

■ 

40 

M  2.0 

75 

Error  could 
not  be  re¬ 
duced  to  10° 

50 

2.0 

50 

M  2.0 

75 

Error  could 
not  be  re¬ 
duced  to  10° 

50 

Hi 

10 

V 

Fmax 

99 

50 

m 

30 

98 

Excessive 
gimbal  angle 

50 

40 

M  2.0 

98 

Error  could 
not  be  re¬ 
duced  to  10° 

50 

■ 

50 

M  2.0 

98 

Error  could 
not  be  re¬ 
duced  to  10° 

Ooaparlng  the  results  for  the  system  using  the  Improved  radar 
(summarized  on  Table  XII }  with  those  for  the  system  using  the  unimproved 
radar  (summarized  on  Table  V),  it  is  seen  that  there  is  a  tremendous  im¬ 
provement  in  the  probability  of  successful  arrlced  to  missile  launch. 

For  exan^le,  a  system  tising  the  \uitmproved  radar  had  no  capability  for 
attacking  M  2.0  targets  flying  at  65,000  feet  when  ptOl-ups  were  initiated 
below  38,000  feet.  For  pull-ups  starting  at  45,000  feet,  the  probability 
of  success  was  6^.  Vfhen  the  ptiU-ups  were  started  from  55,000  feet  there 
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was  a  131^  yrobabllity  of  success.  Inspection  of  Table  XII  lameciiately 
shows  the  Advantages  of  uaing  the  Impi'oved  radar. 

System  Performance  Resulting  From  the  Use  of  Advanced  Interceptor 
Performance 

JSarla.er  In  this  report,  It  was  stated  that  since  the  speed  of 
the  f6u«3  is  restricted  to  M  2.0  because  of  limits  other  than  engine 
limits,  the  resulting  co-altitude  capability  (neglecting  altitude 
ceiling)  would  be  the  same  as  for  the  Fte-1.  In  addition,  it  was 
shown  that  the  basic  difference  in  pull-up  capability  was  that  due  to 
the  greater  altitude  celling  of  the  F8U-3.  It  is  now  of  interest  to 
investigate  the  resulting  system  performance  when  u  higher  speed 
interceptor  is  vaed.  Fcr  this  portion  of  the  study  the  ^max  capability 
of  the  p8u-3  is  enqployed. 

Figures  80  thru  90  show  the  polar  plots  resulting  from  the  high 
speed  interceptor  attacking  targets  at  ^0,000  feet.  For  tills  cursory 
look  at  the  problem,  we  have  returned  to  the  barrier  suaalysls.  All 
barriers  are  representatlva  of  85  to  905^  probability.  The  target  speeds 
are  the  same  as  those  used  In  the  preceding  investigations.  The  situ¬ 
ation  assumes  no  vectoring  errors  and  the  interceptor  is  on  a  perfect 
lead  pursuit  course  at  detection.  Figure  85  shows  the  results  of  co¬ 
altitude  attacks  against  a  target  flying  at  1,9^  ft/sec.  The  inter¬ 
ceptor  speed  at  the  beginning  of  the  run  is  2,134  ft/sec.  Comparing 
this  with  Fig.  22  of  Volume  1  (interceptor  velocity  of  1,9^0  ft/sec) 
it  is  seen  that  the  basic  advantage  is  that  now  euround- the -clock  attacks 
can  be  made  because  of  the  speed  advantage.  However,  the  penetration 
will  be  high  for  attacks  aft  of  the  beam.  For  example,  the  run  which 
orlglaates  at  120°  off  the  target's  nose  required  approximately  220  secs, 
before  the  Interceptor  closes  to  Rmav  Attacks  originating  in  the  zone 
up  to  30°  off  the  target's  nose  were  marginal  for  the  conditions  of 
Fig,  22  (interceptor  velocity  l,94o  fb/sec).  This  region  is  made  even 
more  nsurglnal  when  the  higher  speed  interceptor  of  Fig.  68  is  used.  This 
is  due  to  the  fact  that  at  the  higher  speeds  Bmin  Increased  and  the 
range  covered  by  the  interceptor  in  the  lock-bn  interval  is  Increased, 
Figures  89  and  90  give  corresponding  plots  for  the  advanced  interceptor 
attacking  targets  at  30,000  feet  altitude  and  1,000  feet  altitude.  The 
comparison  given  for  the  50,000  feet  case  applies  equally  well  here. 

The  results  of  the  settling  time  study  using  the  advanced  inter¬ 
ceptor  are  shown  on  Figs.  9I  thru  99*  These  aruns  were  made  at  30,000  feet. 
The  interceptor  speed  was  2,185  ft/sec.  The  criteria  throughout  is  that 
the  error  must  be  reduced  to  some  value,  say  10°,  and  held  there  for  3 
seconds.  The  solid  curves  are  those  resulting  from  the  use  of  a  cockpit 
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simulator  and  RBAC.  The  aashed  curvoo  slicv  the  reoults  of  IBM 
runs.  As  stated  previously  the  50^  settling  time  and  3  second  criteria 
do  not  apply  to  the  IBM  runs  because  the  IBM  gives  the  perfect  solution 
(man  not  in  loop) .  The  IBM  reeultc  are  shown  in  this  fashion  to  allow 
direct  con^parison  with  the  BEAD  runs.  The  results  of  this  portion  of  the 
study  are  summarized  on  Table  XIII. 


TABLE  XIII 


SYSTEM  SETTLING  TIME  REXiUIRED  AFTER  AI  RADAR  I/jCK-ON 
f  Advanced  Interceptor  -  30,000  Feet  Altitude') 

Vj,  =  2,185  ft/sec 

Target 

AI  Radar 

Aspect 

Heading 

Velocity 

Lock -On 

Angle 

Error  At 

^3% 

30% 

IBM 

,  ■'^T  , 

Range 

T 

Lock-On 

Settling 

Settling 

Settling 

(ft/sec) 

(n.mi. ) 

(Deg); 

£ 

(Deg) 

Time 

Tlmt 

Time 

1,897 

10 

20 

20 

Could  Not  Re¬ 
duce  Error 

Could  Not 

Reduce 

EiTor 

Below  170 

Could  Not  Re¬ 
duce  Error 
Below  15® 

1,897 

10 

20 

30 

Could  Not  Re¬ 
duce  Error 

Could  Not 
Reduce  Error 
Below  27® 

1,897 

10 

to 

20 

Error  Could 
Only  be  Re¬ 
duced  to  16° 

Error 

Could  Only 
be  Reduced 
to  13° 

Error  CoiUd 
Only  be  Re¬ 
duced  to  16® 

1,897 

10 

to 

30 

Could  Not 
Reduce  Erroi- 

Error  Co\ild 
Only  be  Re¬ 
duced  to  29*^ 

1,518 

10 

20 

20 

Error  Could 
Only  be  Re¬ 
duced  to  lt° 

Error  Re¬ 
duced  to 
10°in  9 
Seconds 

Error  Re¬ 
duced  to  10® 

In  10  Secs. 

1,518 

10 

20 

30 

Coul.'l  Not  Re¬ 
duce  Error 

Could  Not 

Reduce 

Error 

Error  Could 
Only  be  Re¬ 
duced  to  27® 
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r/UH£  XJK 


SYSTEM  SETTLING  TIME  i-^XJUIRED  APTBR  AI 
(Adviinced  Interceptor  -  j0,000  Feet 
Vf  »«  2,165  ft/sec 


lUDAR  l;XIC-ON 
Altitude) 


Target 

AI  Radar 

Aspect 

Heading 

_ _ Stawua  of  Run 

Velocity 

Vt 

(ft/sec) 

Look-On 
Range 
(n.ml. ) 

Angle 

r 

(Deg) 

Error  At 
Lock -On 

■€ 

(Deg) 

Settling 

Time 

50^ 

Settling 

Time 

IBM 

Settling 

Time 

1,51Q 

7.5 

40 

L»0 

Could  Not 
Reduce  Error 

Could  Not 
Reduce  Error 

Error  Could 
Only  be  Re¬ 
duced  to  18° 

1,518 

10 

40 

20 

Error  Re¬ 
duced  to  10° 
in  10  Secs. 

Error  Re¬ 
duced  to  10° 
in  8  Secs. 

Error  Could 
Only  be  Re-^ 
duced  to  12 

1,518 

10 

40 

30 

Error  Could 
Only  be  Re¬ 
duced  to  28° 

Error  Could 
Only,Vbe  Re¬ 
duced  to  26° 

Error  Could 
Only  be  Re¬ 
duced  to  28° 

1,518 

10 

60 

20 

Error  Re¬ 
duced  to  10° 
in  9  Secs. 

Error  Re¬ 
duced  to  10° 
In  7  Secs, 

Error  Re¬ 
duced  to  10° 
in  10  Secs. 

1,518 

15 

60 

20 

Error  Re¬ 
duced  to  10° 
in  6.5Secs. 

Error  Re¬ 
duced  to  10° 
in  5>5Secs. 

Error  Re¬ 
duced  to  10° 
In  7  Secs. 

1,518 

10 

60 

30 

Error  CouLd 
Only  be  Re¬ 
duced  to  28° 

Error  Could 
Only  be  Re¬ 
duced  to  22° 

Error  Could 
Only  be  Re¬ 
duced  to  27° 

1,518 

10 

60 

40 

Error  Could 
Only  be  Re¬ 
duced  to  38° 

Error  Could 
Only  be  Re¬ 
duced  to  3^^° 

Error  Could 
Only  be  Re¬ 
duced  to  39 

l,5l8 

15 

60 

30 

Error  Re¬ 
duced  to  3.0° 
in  l4  Secs. 

Error  Re¬ 
duced  to  10° 
in  12  Secs. 

Error  Re¬ 
duced  to  10° 
in  .\6  Secs. 

l,5l8 

15 

60 

40 

Error  Could 
Only  be  Re¬ 
duced  tb  22° 

Error  Re¬ 
duced  to  10° 
In  24  Secs. 

Error  Could 
Only  be  Re¬ 
duced  to  28° 

854 

10 

40 

20 

Error  Re¬ 
duced  to  10° 
in  10  Secs. 

Error  Re¬ 
duced  to  10° 
In  8  Secs. 

Error  Re¬ 
duced  to  10° 
In  7.8  Secs. 

854 

10 

40 

30 

Error  CouU 
Only  be  Re¬ 
duced  to  26° 

Error  tCould 
tttly  be  Re¬ 
duced  to  25° 

Error  Could 
Only  be  R^ 
duced  to  S4? 
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The  following  general  commento  c  .n  he  utds  about  the  c'lirves 
of  k''ig».  91  thru  99.  In  general,  the  error  could  be  reduced  to  a 
much  lower  value  with  the  slower  speed  interceptor  than  with  this 
advanced  interceptor  (conraarlson  of  Figs.  91  and  28).  This  is  expected 
since  the  turning  radius  is  smaller  at  the  lower  speeds  Referring  to 
Fig-  92,  it  la  seen  that  the  IBM  run  resulted  In  a  lesser  reduction  of 
error  than  the  EiAC  nm.  This  in5>lle3  that  the  pilot,  even  thoxigh  a 
positive  Indication  in  the  form  of  a  buzzer  was  used,  may  Ijive  pulled 
slightly  more  than  3  g's*  la  home  out  by  the  uomple  brush 

recordings  in  Appendix  IV. 

Remaining  Study; 

There  are  still  several  areas  where  additional  analysis  lo 
needed  to  allow  more  complete  definition  of  the  perfozmnce  of  the 
improved  syatem.  Among  these  are: 

1,  Extension  of  the  analysis  of  the  fVh^I  and  f8u>3 
Incremental  al.tltude  capabilities  with  the  im¬ 
proved  system  at  aspects  other  than  head-on. 

5.  Extension  of  the  analysis  of  co-altitude  probab¬ 
ility  of  succeoB  to  Include  angles  greater  than  60*^ 
off  the  nose  and  to  Include  smaller  Increments. 

3.  Verify  by  flight  simulator  tests  the  adequacy  of 
the  results  obtained  from  the  described  model. 

4.  Inclusion  of  actual  missile  performance  during 
ejection  launch  and  after  launch.  This  Includes 
transient  effects  during  launch. . 

5>  Inclusion  of  the  effects  of  noise  and  missile  orient¬ 
ation  both  with  and  without  "English  Bias". 

6.  Verify  by  flight  simulation  study  the  effects  of  a 
situation  display  on  system  probability  of  success 
cmd  develop  optimum  approach  tactics. 

7.  Determine  by  study  8u:d  aiuQysis  the  sensitive  elements 
of  the  f4h-1  and  F8u-3  weapon  systems  mechanization  and 
their  accuracy  tolerances. 
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6.  Determine  by  study  suuUysls  the  feulbility 
end  psisible  advantsgee  of  usln^  alternate  (ituld- 
ance  syateus  (different  from  tboae  covered  In 
thle  vol'ume)  in  the  F^H-l  and  FtiU-3  Weapon  oy&tem. 

In  addition  to  theee  areas  there  are  several  areas  of  laQ>rovement 
vhlch  sure  under  Investigation.  These  are  as  follovs; 

1.  The  effeats  of  countermeasures  on  the  AT  radar 
has  been  investigated  and  reported  separately  In 
NRL  Report  4949*  In  addition^  ansLlysls  of  the 
Izqprovements  made  to  date  la  described  in  a  secret 
supplement  to  this  report.  (See  Volume  VI*} 

2.  While  the  results  of  use  of  a  larger  antenna  have  not 
been  detailed,  they  have  been  In^Ued  by  the  effects 
of  range  variation  on  the  probability  of  success  given 
In  Volume  I  and  this  study.  In  addition  the  controlled 
flight  tests  resulting  from  the  use  of  a  larger  antenna 
along  with  other  Ic^rovements  are  described  by  Fig.  JQ, 
The  calculation  of  the  range  improvement  realized  by  the 
use  of  a  larger  antenna  la  straightforward  and  will  be 
included  In  the  analysis  at  a  later  date. 

3.  NRL  has  Investigated  the  AJ  features  desired  for  the 
Sparrow  III  seeker.  The  results  of  this  Investigation 
have  been  reported  to  BuAer  (!i!BL  Report  4720). 

PHASE  V  -  STUDY  TO  DETERMINE  AND  ASSESS  REAUIABUB  IMPROVEMBSSTS 

This  phase  Is  of  necessity  a  continuing  one.  In  those  areas 
where  It  appeared  that  Important  gains  could  be  made  by  Incoz^ration  of 
li^provements  which  could  be  realized  within  a  useful  time  scale,  actions 
recommendations  have  been  made  to  the  Bureau.  In  Volume  I  of  this  report 
It  was  recommended,  based  on  the  analysis  to  date,  that  the  following 
actions  be  prosacutedt 

1.  The  Incorporation  of  optimized  search  areas,  bandwidth 
switching  and  bright  display  (enhanced  operator  environ¬ 
ment)  can  he  achieved  during  the  time  avallabl«i  for  the 
development  of  this  system.  Collectively  they  represent 
a  major  Improvement  In  system  performance.  The  first  two 
of  these  Items  have  been  tested  (in  part)  by  the  con¬ 
tractor  emd  the  resulting  litgirovement  Is  detailed  In  this 
volume. 
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2. 


While  the  exact  aveliRbility  date  for  a  situation 
dleplay  such  as  the  Triangle  Syitem  la  not  predictable 
at  the  present  time,  concerted  effort  should  be  directed 
towards  its  development.  The  Incoz^oratlon  of  such  a 
display  will  represent  a  major  Improvement  In  overall 
system  performance  capability.  The  Bureau  of  Aeronautics 
is  pursuing  a  program  which  will  result  In  Incorporation  of 
the  airborne  elements  of  a  situation  display. 

3.  While  the  analysis  to  date  has  indicated  that  additional 
range  above  that  realised  from  Items  (l)  and  (2)  above  is 
very  desirable,  the  incorporation  of  such  Items  as  a 
larger  dish  should  be  delayed  until  sufficient  analysis 
Is  completed  either  under  this  study  program  or  by  the 
fire  control  contractor  to  adlov  arrival  at  an  optimum 
balance  between  dish  size  and  glmbal  angle  coverage.  For 
example,  a  currently  proposed  "Inqproved"  version  of  the 
antenna  calls  for  a  usefully  large  glmbal  angle.  However, 
the  diameter  and  conditions  of  mounting  cause  the  antenna 
to  be  obstructed  by  extraneous  material.  Thus  uhe  total 
glmbal  angle  Is  not  in  fact  usable.  Based  on  the  work  of 
this  study  and  on  contractor  analyses,  a  reasonable  com> 
prurlse  between  unobstructed  glmbal  coverage  and  dish  size 
Jan  be  reached. 

PHASE  VI  -  STUDY  OP  IR  TIE-IN  POH  AI  FIRE  CONTROL  SraTElB 

To  date,  a  survey  of  government  agencies  and  contractors  working 
in  the  field  of  IR  has  revealed  that  data  on  performance  of  eq,ulpinent 
operating  In  the  band  of  the  proposed  IR  search  and  tra^  equipment  and 
data  on  the  IR  radiation  from  high  speed  aircraft  at  altitudes  of  Interest 
Is  practically  non-existent.  The  limited  data  that  Is  available  has  In 
general  resulted  from  a  multiplicity  of  scaOlng  of  test  data  taken  under 
unrealistic  conditions  (target  aircraft  tied  down  on  the  deck) .  Thus  the 
statements  made  In  Volume  I  (data  lacking)  still  apply.  To  date,  the  un¬ 
defined  state  of  the  IB  capability  In  the  AI  fire  control  system  is  such 
that  analysis  Is  not  warranted.  Thus  the  Navy  study  has  concentrated  on 
revealing  the  deficient  areas  of  the  primary  fire  control  system.  As  soon 
as  results  from  teats  currently  uzvlerway  at  NOTE,  Aerojet,  EgUn  Air  Force 
Base,  eto.  become  available,  ein  5.nvestlgatlon  will  be  made  to  see  If  IR 
can  supplement  the  deficient  areas  of  the  primary  system. 
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PHASE  VII  -  REPEAT  aTtlDY  PHASER  1  =  VI  FOR  SPARROW  III  WITH  IH  SEEKER 

The  statementa  taaL<5e  above  in  the  section  on  IR  search  and  track 
are  even  more  applicable  to  the  pro^'osed  long  wavelength  IR  Sp.  III. 

In  addition,  they  apply  equally  vfell  to  the  currently  available  IR 
seeker  (DAN-5)  when  a  supersonic  target  is  Involved  (afterburners) . 

About  the  only  data  available  where  there  Is  genereO.  etgreement  or 
the  results,  Is  that  related  to  the  DAN -5  seeker  performance  when  oper¬ 
ating  against  a  subsonic  Jet  target. 

Figures  100  and  101  show  the  resulting  polar  plots  for  attacks 
made  by  an  Interceptor  flying  at  M  2.0  or  Vmax*  Figure  100  shows  the 
results  of  attacks  made  at  50,000  feet.  The  target  velocity  is 
873  ft/sec.  It  Is  seen  that  the  seeker  restricts  the  attacks  zones  to 
within  -  70^  off  the  target's  tail*  The  resulting  attack  courses  are 
restricted  to  approaches  from  9^^  back  to  tail-on.  Figure  101  shows  the 
results  for  attacks  made  at  30,000  feet.  The  results  are  essentially 
the  same. 

As  soon  as  reliable  data  becomes  available  on  the  performance  of 
long  wavelength  and  short  wavelength  detectors  and  on  target  reuilatlon 
characterlstlos  they  will  be  Included  la  the  study.  Since  the  attack 
courses  are  idready  generated  (same  coiurses  apply  to  Spaurrow  III  con¬ 
ventional),  It  Is  a  relatively  single  task  to  Include  the  resulting  attack 
zones . 

PHASE  VllI  -  REPEAT  STUDY  PHASE  I-Vl  FOR  SIDEWINDER 

To  date^data  on  the  performance  of  the  proposed  Sidewinder  IC 
has  not  been  received  from  NOTS.  Thle  includes  aerodynamic  as  well 
as  seeker  performance  data.  NOTS  is  currently  preparing  this  data  and 
e;q>ects  to  coiit)lete  the  work  In  the  near  futxire. 

In  lieu  of  and  In  anticipation  of  data  on  the  Sidewinder  IC, 
pure  pursuit  trajectories  were  generated  for  various  speed  and  altitude 
conditions.  Figures  102  thru  104  give  examples  of  some  of  the  resulting 
polar  plotn.  More  cos^lete  coverage  Is  given  In  Appendix  VIII  of  Volume  IV. 
The  Sidewinder  lA  launch  zones  (prepared  by  NOTS r' aerodynamic  restrictions) 
are  shown  on  these  polar  plots.  The  approximate  effective  launch  zones  are 
enclosed  by  heavy  lines.  The  polar  plot  of  Fig.  102  shows  the  results  of 
attacks  made  at  30,000  feet  altitude  Tdien  Vm/Vp  -  1.0  and  Vp  *•  M  2.0.  If 
the  saw  3  S  criteria  is  applied  as  was  usea  In  the  y-'ecedlng  poartlons  of 
the  study.  It  la  seen  that  entry,  under  these  condltj.jns.  Into  the  usable 
launch  zone  (labeled  D)  cannot  be  made. 
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Figure  103  showB  the  results  vhan  the  apeed  ratio  (Vj/Vti.)  Is 
reduced  to  0.6.  Here  it  is  seen  that  attacks  must  originate  aft  of 
65°  (3  S  limitation) .If  entry  Into  the  launch  zone  is  to  he  made. 

Attacks  aft  of  90°  will  result  in  large  penetration  distehces. 

Figure  104  shows  the  results  of  reducing  the  speed  ratio  to 
0,k^  (today's  target).  For  this  condition  the  results  are  essenti¬ 
ally  the  BSioe  as  those  for  Vip/Vp  -  0.8.  Penetration  distances,  how¬ 
ever,  will  not  be  large  for  any  attack  aspect. 

Figure  105  gives  a  comparison  of  probable  performance  of 
Sidewinder  IC  as  compared  to  Sidewinder  lA  at  50^000  feet  when  launched 
from  an  Interceptor  whose  speed  is  1,9^  ft/sec  and  V,p/Vp  ■  1.0.  The 
zone  given  for  Sidewinder  IC  is  based  on  very  preliminary  estimates 
made  by  NOTS  and  is  restricted  only  by  aerodynamic  considerations.  It 
is  seen  that  whan  the  3  g  criteria  is  applied,  entry  Into  the  Sidewinder 
lA  zone  could  not  be  made.  However,  over  a  narrow  region  beginning  at 
62°  off  the  target's  nose,  entry  could  be  made  into  the  Sidewinder  IC 
zone. 


Based  on  the  req.uilretnent  of  entry  into  a  relatively  narrow 
region  about  the  tall  of  the  target  fo.'  Sidewinder  launch  and  on  the 
fact  that  pure  pursuit  trajectories  are  required  for  Sidewinder  while 
lead  pursuit  courses  are  desired  for  Sparrow  III,  a  cursory  loo.k  at  the 
mixed  load  compatibility  with  current  vectoring  practices  (offset  lead 
collision)  has  been  started.  Figure  106  gives  an  example  of  the  type  of 
analysis  underwey.  This  shows  the  probability  of  successful  arrival  to 
missile  launch  for  the  Sparrow  III  for  various  types  of  vectoring  doctrine. 
The  current  radar  is  employed.  The  altitude  of  attack  is  30,000  feet  euid 
Vi/Vp  «  l.OwhereVp  ■  1,097  ft/sec.  The  solid  curve  shows  the  results 
for  pure  collision  vectoring  and  is  the  same  as  presented  before.  The 
dashed  curve  shows  the  results  of  pure  pursuit  vectoring  on  probability 
of  success.  It  Is  seen  that  for  the  head-on  case,  the  probability  of 
success  for  p\ire  pursuit  and  pure  colUslon  is  the  same  (^). 

At  'Y'  •  30*^  the  pure  collision  course  results  in  the  highest  probability 
of  success.  This  is  as  expected  because  the  problem  of  converting  to  a 
lead  pursuit  coxirse  ftxtm  a  pure  collision  coiiree  (larger  lead  angle)  Is 
easier  than  converting  from  a  pure  pursuit  to  a  lead  pursuit  in  the  small 
time  available.  At”T  ■  6o°  the  pure  pursuit  vectoring  is  best  because  in 
this  region  gimbal  angle  is  the  primary  restriction  in  the  lead  collision 
approach. 

The  remaining  curve  (that  designated  by -  -  ) 

gives  the  resulting  probability  for  a  deviated  pursuit  vectoring  approach. 
For  this  ceae  13°  le^  angle  was  selected  for  examination.  As  could  be 
e]q;>ected,  when*^  -  0°  this  deviated  pursuit  approach  yields  the  worst 
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results.  This  is  because  the  lead  angle  Is  too  large.  However,  for 
both  7*“  30°  and  60°,  the  deviated  pursuit  approach  yields  the  beet 
results.  This  is  because  the  gimbal  angle  restriction  has  been 
lessened  in  conjunction  with  a  roq.iiirement  for  a  lesser  correction  to 
get  to  the  correct  lead  pursuit  course. 

It  is  obvious  that  this  is  a  very  preliminaxy  analysis.  The 
necessary  steps  are  further  analysis  on  optlmuai  vectoring  tactics  for 
Spsurrow  III,  conqparable  analysis  of  tactics  for  Sldevlr.der  IC  and 
reduction  of  results  to  a  conqpromisa  coiqpatabls  with  fleet  vectoring 
capability. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


Introduction 


The  eoncluelons  and  reeommenditlons  given  in  Volume  I  apply 
equally  well  here.  They  have  been  extendi^d  to  cover  the  additional 
aui'ean  of  Investigation  and  are  detailed  below.  Even  though  there 
are  additional  areas  of  needed  atiidy,  as  detailed  In  the  text,  much 
useful  data  Is  now  available  as  a  result  of  tlic  Navy's  study.  As 
stated  in  Volume  I,  Inferences  can  be  drawn  (and  In  fact  have  been 
drawn)  which  will  be  useful  In, 

(1)  formulation  of  the  basic  system  configuration, 

(2)  development  of  a  situation  display, 

(3)  foraxilation  of  tactical  doctrine  guide  lines, 

(4)  revision  of  operational  concept  for  usage  of  secon¬ 
dary  missile  seekers, 

(5)  establishing  applicability  of  secondary  AI  fire  con¬ 
trol  systems,  such  as  IR,  to  the  deficient  areas  of 
the  primary  Al  fire  control  system, 

(6)  establishing  lowest  acceptable  limits  defining  a 
useful  Navy  system,  and 

(7)  starting  Immediate  action  on  Ttems  1  thru  6  above  in 
order  that  useful  attainment  of  operational  require¬ 
ment  objectives  can  be  achieved. 

Detailed  Conclusions  and  Recommendations 

A,  System  Using  Available  Hardware 

1.  The  results  of  the  study  using  the  barrier  method  of 
analysis  (wherein  each  bearler  represents  85^6-90^6  probability)  of  the 
Ideal  situation  for  high  altitude  (co-altltude)  attacks  given  In  Volume  I 
apply  equally  well  here.  Additional  resuJts  for  1,0CXD  feet  altitude  are 
presented  in  this  volume.  The  following  conclusions  are  indicated: 
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(a)  When  V^/V™  =  1.0  'vhere  Vp  »  the  interceptor  must 
start  his  approach  from  forward  of  70®  off  the  target's  noee  if  entry 
into  the  effective  attack  aoae  Is  to  he  made. (see  Pig.  5). 


(b)  When  additional  time  is  added  representative  of  that 
encountered  under  tactical  ccmditionb  (required  to  reduce  initial  vec¬ 
toring  errors  dowa  to  allowable  launch  error  of  the  missile)  the  effec¬ 
tive  attack  aone,  except  for  a  small  region  aft  of  the  beam  is  eliminated. 
This  zone  must  be  entered  via  a  10®  corridor  between  60®  and  70®  off  the 
target's  nose. 

(c)  When  this  total  system  settling  time  is  considered,  even 
the  case  of  Vrji/Vp  =  0.8  will  be  extremely  marginal.  The  forward  effec¬ 
tive  attack  iionc  is  eliminated. 


2.  In  Volume  I  the  restilts  of  making  attacks  with  the  interceptor 
operating  tinder  Vgjiuise  conditions  were  given.  "Ehe  study  results  given 
in  this  volume  indicate  that  when  attacks  are  against  high-speed  targets, 
there  la  only  a  minor  chenge  in  capability  when  the  interceptor  starts 
at  Vcrulse  and  acceleiatea  toward  Vmav.  As  would  he  ea^cted,  a  slight 
increase  in  allowable  approach  aspect  occurs. 

3.  If  the  F8U-3  Is  restricted  to  its  design  acceptance  limit 

(H  2.0 )  the  resulting  co-oltltude  performance  of  the  XIB  system  is  es¬ 
sentially  the  same  as  that  of  the  XIA  (neglecting  difference  in  altitude 
ceilings). 

4.  The  pull-up  capability  of  the  XIB  system  is  essentially  the 
same  as  that  of  the  XIA  system  when  operating  altitudes  of  the  F4H-1 
are  considered.  However,  the  resulting  attack  zones  for  the  XIB  will 
be  extended  in  altitude  over  those  of  the  XIA  di«  to  the  greater  alti¬ 
tude  capability  of  the  F8o-3.  I'here  is  an  approxiisate  4000  feet  altitude 
capability  difference  between  the  two  systems. 

3.  The  allowable  launch  error  for  Sparrow  III  is  a  function  of 
altitude,  aspect  angle  at  the  time  of  entry  into  the  launch  zone,  glmbal 
angle  limits  of  the  AI  radai*  and  the  point  in  thu  launch  zone  where  the 
Interceptor  is  in  a  position  to  launch  the  weapon. 

(a)  Against  a  high-speed  target,  attacks  enter izig  the  launch 
zone  close  to  head-on  result  is  very  wman  allowable  launch  errors.  As 
the  attack  moves  vound  toward  the  beam,  the  allowable  launch  exTor 
IncreaiseB. 
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(b)  For  purposes  of  this  study,  the  allowable  launch 
error  has  been  fixed  at  10”.  When  a  2  6*  value  of 
noise  Is  Included  the  allowable  launch  errors 
will  he  much  less  than  10®  for  many  of  the  situations 
investigated. 

6.  The  probability  of  successful  arrival  to  missile  launch  in  co- 
altitude  attacks  against  nonmaneuvering  targets,  when  limited  by  some  of 
the  degrading  factors  such  as  gimbal  sungle  limits  and  vectoring  inaccur¬ 
acies,  SLre  given  In  Volume  I  and  tlds  volume  of  the  report.  When  the 
attack  altitude  is  ^0,000  feet  and  Vp  e  m.  2.0  the  resulting  probab¬ 
ilities  of  successful  arrival  to  missile  launch  are: 

(a)  for  V,j,/Vp  =  1.0  the  probability  stsurts  out  at  ^6^ 
for  the  head-on  case  T*  =  increases  to  52^  atT  ■  30°  and  drops  to 
zero  when  y  =  60®. 

(b)  for  Vm/Vp  =  0.8  the  probability  starts  out  at  k&jh  for 
T  E  0°,  increases  to  73^  at"!*  =  30°  (correction  on  Volume  I  results) 

and  decreases  to  kh$  at  T*  =  60®. 

7.  When  the  altitude  of  attack  is  30,000  feet  and  Vp  s 

the  resulting  probabilities  of  successful  arrival  to  missile  launch  eire; 

(a)  for  Vij/Vp  *  1.0  the  probability  starts  out  at  k5i> 

for  0®,  increeises  to  53?^  at 'T  =  30°  and  decreases  to  Ojt  at  T  =  6o°. 

(b)  for  Vf/Vp  =  0.8  the  probability  starts  out  at  for 
T=  0®,  increases  to  at  T  =  30  and  decreases  to  at  “7^  =  60®. 

8.  When  the  altitude  of  attack  is  1,000  feet  and  Vip/Vp  <*0.8 
(Vp  ■  M  1«07)  the  probability  of  successful  arrival  to  missile  launch  is 
32^  at  T*  =  0°,  6o^  at  T’e  30®  and  kj'jt)  at  T  =  60®.  (The  AI  radar  ranges 
used  in  this  study  of  the  1,000  ft  altitvuie  case  are  believed  to  be 
optimistic) . 


9.  The  effects  of  incorporating  the  currently  estimated  in^irove- 
ment  in  AI  detection  range  resulting  from  the  use  of  a  separate  operator 
as  shown  by  the  study  for: the  50,000  ft  altitude  case  are: 

(a)  The  in^rovement  la  probability  of  successful  arrival  to 
missile  launch  for  the  high  speed  target  case  (Viji/Vp  >»  l.O)  is  from  k6/jl,  to 
for  ^  =  0®  and  from  32^  to  60^  for'T'  <=  30°. 
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("b)  Wh«n  the  speed  ratio  la  reduced  to  Vj/Vp  ■  0.8,  the  result¬ 
ing  in^roveaent  in  probability  of  success  is  from  1+7?  to  66i>  for  'T*  *0® 
and  from  to  79^  for  T  •  30°. 

10.  In  pull-up  attacks  against  a  M  2.0  nonmaneuvering  target  at 
65,000  feet  altitude  by  a  M  2.0  or  Vaax  interceptor  the  resulting  proba¬ 
bilities  of  successful  arrival  to  missile  launch  are  as  follows: 

(a)  When  the  pull-up  is  initiated  from  30,000  feet  the  proba¬ 
bility  is  zero. 

(b)  When  the  pull-up  is  initiated  from  1+5,000  feet  altitude 
the  result!^  probability  is  6^.  The  primary  limitation  is  Inability  to 
reduce  the  error  down  to  that  allowable  for  launch. 

(c)  When  the  pull-up  is  initiated  from  55 >000  feet  the  result¬ 
ing  probability  is  13^.  Here  the  primary  restriction  results  from  exces¬ 
sive  glfflbal  angle. 

11.  W^en  the  target  altltiide  is  reduced  to  50,000  feet  the  proba¬ 
bility  of  successful  arrival  to  missile  launch  varies  from  6^  for  pull-ups 
initiated  at  30,000  feet  to  46^  for  the  co-altitude  case. 

12.  When  co-altitude  attacks  are  considered  and  the  target  initiates 
a  relatively  simple  maneuver  at  AI  radar  lock-on  (l  g  crisscross  maneuver) 
the  effect  depends  upon  the  direction  of  the  initial  maneuver  (except  for 
the  head-on  case).  This  msneuver,  althou^  mild,  is  believed  realistic 
since  the  primary  Job  of  the  target  is  to  deliver  its  own  weapon. 

(a)  As  would  be  expected,  there  is  no  difference  in  the 
probability  resulting  from  an  initial  turn  to  the  left  (away  from  the 
interceptor)  or  to  the  right  (toward  the  Interceptor)  on  the  part  of  the 
target  for  the  head-on  case.  When  the  attack  occuxs  at  30,000  feet  and 
V|r/V^  *1.0  the  resulting  probability  is  J+2.5^.  When  the  speed  ratio  is 
reduced  to  0.8  the  probability  is  53^.  Comparing  these  results  with 
those  given  previously  for  the  nonmuieuverlng  target  it  is  seen  that 
there  is  an  inslgnlflcsuit  difference  in  the  probabilities. 

(b)  When  the  appiroach  course  is  from  30®  off  the  target's  nos+e, 
a  maneuver  to  the  right  results  in  a  51^  probability  of  success  aud  a 
maneuver  to  the  left  results  in  a  ^6ft  probability  of  success  fo&*  Vq>/Vjg>  ■  1. 
When  the  speed  ratio  is  reduced  to  Vip/Vp  *  0.8  the  corresponding  proba¬ 
bilities  are  62^  and  77^ •  Ccniparing  these  results  to  those  obtained 

for  the  naxmaneuverlng  target  it  is  seen  that  there  is  a  negligible; 
difference  in  the  results.  A  maneuver  to  the  right  always  decreases 
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the  probahlHty  slightly  while  a  maneuver  to  the  left  always  increases 
tlie  probability  slightly  (metre  time  available). 

l3.  Ac  stated  in  Volume  I;  when  additional  degrading  factors 
are  conslaered,  the  probabilities  listed  above  will  be  reduced  still 
further. 


1^.  Theoretical  calculations  of  weather  effects  in  the  perfor¬ 
mance  of  the  current  AI  radar  indicate  that  rain  will  degrade  the 
range  ca2>abllity  to  the  point  where  it  is  con^letely  unacceptable. 

The  oxirrent  i*adar  has  an  8556  probability  of  detecting  a  B-47  size 
target  (high  speed  case)  at  12-13  n.mi.  This  would  be  reduced  to 
2.8  n.mi.  in  the  presence  of  a  light  rain. 

B.  System  Using  la^roved  Radar 

1.  To  date,  the  iBg>rovement  resulting  from  the  use  of 
a  bright  display,  bandwidth  switching  and  optisiized  search 
have  been  included  in  the  study.  The  resulting  range  i nprovement  is 
from  12.7  n.mi.  to  19  n.mi.  for  a  M  2.0  Interceptor  attacking  a  M  2.0 
target . 


2.  Wber  the  ingirovements  of  Item  1  are  considered  along  with 
a  system  liaving  gimbal  angle  limits  of 57°  the  resulting  probabilities 
of  successful  arrival  to  missile  launch  for  attacks  occurring  at 
50,000  feet  and  Vp  »  M  2.0  axe; 


unln^jroved  radar 


(a)  755J  for  =  1.0  and  T' 

dar  the  corresponalng  probabilii 


0°.  For  the 

corres^ndlng  probability  was  U65(i. 


(b)  09^  for  Vt/Vp  =1.0  andT'  "  30”.  For  the 

unimproved  radar  the  corresponding  probability  was 


(a)  djt  for  V,j,/Vp  =  1.0  andT  •»  For  the  un- 

liiipix)ved  radar  the  corresponding  probability  wa6  0^, 


w 


proved  radea*  the 


84^6  for  Vip/Vj.  =  0.8  and  T"  *0°.  For  the  uaim- 
corresponding  probability  was  kdf. 


(e) 


proved  radskr  the 


91st  for  V^/Vp  =  0.6  and  T  »  30°.  For  the  vnlm- 
Gorrespondlag  probability  was  735t. 


(f)  for  Vm/Vp  =  0.8  andT  “  80°. 
proved  radar  the  corresponding  probability  was  44^. 


For  the  uriim- 
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3‘  The  probabtlltlse  of  eueeeeeful  arrlvml  to  mlieile  liuioah 
for  attacks  occurring  at  30^000  feet  are  essentially  the  sasw  as  those 
resulting  from  attacks  occurring  at  30,000  feet  (see  Items  2  and  3). 


k.  When  the  attack  occurs  at  1,000  feet  altitude  and  V^/Vy  ■  0.6 
where  Vy  «  Vw.ov  the  resulting  pro^bllltles  of  successful  arrival  to 
missile  launch^are  82^  for  ^  ■  0°,  84^  for  ‘T  ■  30°  and  for  ^  ■ 
6o°.  Th^s«  results  are  based  upon  theoretical  calculations  of  AI  radar 
perfox%aioe  and  upon  limited  test  data  from  NATO  and  are  believed  to 
be  optijilstlc. 


3.  When  the  estimated  difference  in  performance  of  the  AI  radar 
In  a  tvo-place  system  versus  single'plaoe  operation  Is  conslderel 
(12^)  a  minor  chsuoge  In  probability  of  successful  arrival  to  missile 
launch  occurs.  For  example  when  the  attack  ooctu^s  at  30,000  feet  and 
V^/Vy  ■  1.0  where  Vy  ■  M  2.0  and  Y  •  0^  there  is  an  Is^roveaent  from 
73)(  to  84)(.  When  Y  •  30°  the  Improvement  Is  from  to 

6.  For  the  target  maneuver  investigated  in  this  study  (1  g  criss¬ 
cross)  there  Is  a  negligible  effect  on  probability  of  successful  arri¬ 
val  to  missile  launch  under  co-altitude  attack  conditions. 

7.  When  ptiU-up  attacks  are  considered  and  a  system  employing 
the  Isqproved  radar  Is  Investigated  there  Is  a  major  Improvement  In 
probability  of  successful  arrival  to  missile  launch.  For  example, 
attacks  against  a  target  flying  at  63,000  feet  and  N  2^0  yield  proba- 
billtlee  as  follows; 

(a)  When  the  pull-up  is  started  from  23,000  feet  altitude 
the  probability  is  17)(.  With  the  unimproved  system  there  was  no' 
probability  for  pull-ups  Initiated  below  38,000  feet. 

(b)  When  the  pull-up  Is  started  from  43,000  feet  the  proba¬ 
bility  is  30^.  For  the  unimproved  system  the  corresponding  probability 
was  6^. 


(c)  When  the  pull-up  is  started  from  55,000  feet  the  proba¬ 
bility  la  73^.  For  the  unimproved  system  the  corresponding  probability 
was  13^. 


8.  As  stated  previously,  if  the  F6U-3  Is  restricted  to  N  2.0 
operation  the  results  obtained  win  be  the  same  as  for  the  f4k-1  (within 
the  altitude  envelope  of  the  F4B-1).  However,  the  f80-3  has  a  greater 
altitude  capability  than  the  f4b-1  thus  the  resulting  effective  attack 
sones  obtailned  In  this  study  for  pull-up  attacks  will  be  extended  up¬ 
ward  from  38,000  feet  to  62,000  feet. 
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0.  Qinazml  Syitam  Considerations 

1.  The  study  results  indicate  that  careful  consideration  naist  be 
given  to  placement  of  early  warning  equipment  with  respect  to  fleet 
ceuter  if  a  tactically  useful  system  is  to  emerge. 

2.  When  ma  advanced  Interceptor  is  employed  (F8tJ-3  QOt  re¬ 
stricted  to  M  2.0)  rear  heiDi8phere>  co-altitude  attacks  can  now  be  made 
against  target  speeds  where  the  current  systems  fail.  However,  the 
marginal  forward  hemisphere  area  is  made  even  more  narglnaJ.  by  the  use 
of  the  higher  interceptor  velocity. 

3.  To  date,  the  undefined  state  of  the  IR  capability  in  the 
AI  fire  control  system  is  such  that  anadysls  is  unwarranted.  Thus  the 
Navy  study  has  concentrated  on  revealing  the  deficient  areas  of  the 
primary  fire  control  system. 

4.  To  date,  there  is  insufficient  test  data  available  to  allow 
analysis  gf  any  of  the  proposed  IR  seekers  except  the  DAN-3  when  oper¬ 
ating  against  a  subsonic  target.  The  resultlrg  effective  attack  zone  is 
restricted  for  high  probability,  to  -  70^  off  the  target’s  tall.  The 
attack  courses  are  restricted  to  approaches  from  90^  back  to  tall-on. 

3.  To  date,  available  data  on  Sidewinder  performance  is 
restricted  to  Sidewinder  lA.  In  general,  when  high,  speed  targets  are  con¬ 
sidered,  Sidewinder  lA  is msuLtabto  for  use  in  these  two  systems.  NOTS  is 
currently  preparing  launch  etr'clopes  for  Sidewinder  IC.  The  increased 
range  of  Sidewinder  IC  will  result  in  oversill  system  capability  in 
some  regions  where  the  Sidewinder  lA  launch  area  cauinot  be  entered  by  the 
Interceptor  when  attacking  a  target  whose  speed  is  nearly  equal  to  his  own 
speed. 

Recommendations  for  Further  Study  Effort 

There  are  several  areas  where  investigation  is  needed  before  the 
performance  of  the  current  system  under  tactical  conditions  can  be  clearly 
defined.  These  are  as  follows: 

1.  Further  study  effort  is  needed  on  the  low  altitude  investi¬ 
gation  when  results  of  planned  tests  become  available. 

2.  If  tests  prove  that  there  is  a  significant  difference  between 
the  f8u-3  and  f4h-1  Weapon  Systems  due  to  a  separate  operator,  the  results 
of  the  study  to  date  should  be  modified  to  include  this  difference. 
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3>  Xxtnnaion  of  th«  co-«ltltud«  probability  of  auoceaa  curvoa 
to  Inolvd*  uglaa  off  tba  t«rg«t*s  nosa  graatar  than  6oP  and  to  Includa 
aaiallar  angular  incramanta  la  aaadad. 

U.  A  flight  alfflulator  progzaa  ahould  ba  conductod  to  operation¬ 
ally  verify  the  adequacy  of  nodal  taehnlquaa  uaad  In  the  preaant  atudy. 
iThla  taould  ba  a  ehaok,  ualng  the  pilot  In  the  loop,  of  the  ozltloal 
arena  axpoaed  by  the  currant  atudy. 

3.  Bxtenalon  of  tba  latcraMotal  altitude  atudy  to  Includa  azi- 
BUth  anglea  other  than  head-on  la  needed. 

6.  Oetendne  by  atudy  and  analyala  the  acceleration  launching 
tranalenta  oeciirrlng  during  the  Sparrov  III  nlaalle  launch  and  the 
effecto  of  theae  tranalenta  upon  dynaaic  perfOZBUUice  of  the  lalaalle 
Internal  fUnctlona  and  nlaalle  trajectory  to  the  target. 

7.  Detanalne  by  atudy  and  analyala  the  effeeta  of  nolae  and 
nlaalle  orientation  on  ayaten  accuracy,  both  with  and  without  "Bngllah 
Blaa". 

6.  Detemlne  by  atudy  and  analyala  the  lUualnation  requlre- 
menta  after  Sparrow  III  launch  In  conjunction  with  breakaway  requlre- 
nenta  and  aircraft  nomal  flight  recovery  requlremanta. 

9.  Inveatlgatlon  of  linlta  Inpoaed  by  hydrauHca  on  pull-up 
probability  la  needed. 

There  are  atlU  aeveral  areas  where  additional  analyala  la  needed 
to  allow  attre  coogilete  definition  of  the  performance  of  the  disproved 
ayatem.  Aaaong  theae  sure: 

1.  Xxtenalon  of  the  analyala  of  the  f4h-1  and  f6U-3  Incremental 
altitude  capabilities  with  the  lagiroved  ayaten  at  aapecta  other  than  head- 
on. 


2.  Srtenalon  of  the  analyala  of  co-altitude  probability  of 
auceeaa  to  Include  anglea  greater  than  60°  off  the  nose  and  to  include 
aaaller  angvdar  Inoreaenta. 

3t  Verify  by  flight  ainulator  teata  the  adequacy  of  the  results 
obtained  from  the  described  model. 

U.  Inclusion  of  actual  nlaslle  performance  during  ejection  launch 
and  after  launch.  Thla  Includes  transient  effects  during  launch. 
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Inclusion  of  the  effects  of  noise  end  missile  orientation  both 
with  and  without  "English  Bias". 

6.  Verify  by  flight  sloulatlon  study  the  effects  of  a  situation 
display  on  system  probability  of  success  and  develop  optimum  approach 
tactics. 


7.  Determine  by  study  and  analysis  the  sensitive  elements  of  the 
F4H-1  and  the  f6u-3  Weapon  Systems  mechanization  and  their  accuracy  toler¬ 
ances. 

8.  Determine  by  study  and  analysis  the  feasibility  and  possible 
advantages  of  using  alternate  guidance  systems  (different  from  those 
covered  in  this  volume)  in  the  F^-l  and  the  f6u-3  Weapon  Systems. 

In  addition  to  the  preceding  basic  system  areas  of  investigation, 
there  are  several  areas  where  data  is  lacking.  These  aret 

1.  Performance  data  on  the  Sidewinder  IC. 

2.  4  c^rformance  data  on  the  Sparrow  HI -IP. 

3.  Performance  data  on  the  IR  Search  and  Track. 

As  soon  as  data  on  these  areas  becomes  available,  it  should  be 
included  in  the  study  effort. 
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